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Abstract
Study Objectives: Previous research examining toddler sleep problems has relied almost exclusively on variable-centered statistical approaches to 

analyze these data, which provide helpful information about the development of the average child. The current study examined whether person-

centered trajectory analysis, a statistical technique that can identify subgroups of children who differ in their initial level and/or trajectory of sleep 

problems, has the potential to inform our understanding of toddler sleep problems and their development.

Methods: Families (N = 185) were assessed at 12, 24, 30, and 36 months of child age. Latent class growth analysis was used to test for subgroups that 

differed in their 24–36 month sleep problems. Subgroups were compared on child 36-month externalizing, internalizing, and total problem behaviors, 

and on 12 month maternal mental health, inter-parental conflict, and maternal parenting behaviors.

Results: Results support a four-class solution, with “low, stable,” “low, increasing,” “high, increasing,” and “high decreasing” classes. The classes whose 

sleep problems persisted or worsened over time had worse behavioral problems than those whose symptoms improved or remained stably low. 

Additionally, 12 month maternal depression and global symptom severity, intimate partner violence, and maternal harsh-intrusive parenting behaviors 

discriminated between the classes that had similar levels of 24 month sleep disturbance but who had diverging trajectories over time.

Conclusions: This statistical approach appears to have the potential to increase understanding of sleep problem trajectories in the early years of life. 

Maternal mental health, intimate partner violence, and parenting behaviors may be clinically useful markers of risk for the persistence or development 

of toddler sleep problems.

Key words:  infant sleep; toddler sleep; developmental trajectories; maternal depression; parenting behaviors; intimate partner 

violence; internalizing problems; externalizing problems; latent class growth analysis; LCGA

Introduction

Parents of toddlers commonly report that their children have 

difficulties with sleep [1–6], such that an estimated 30% of chil-

dren have sleep problems, which in this age group often mani-

fests as frequent or prolonged night wakings or difficulties 

with the initiation or duration of sleep [2, 7, 8]. Though most 

children’s sleep quality improves over the first 3 years of life [2, 

9–11], there are some children for whom sleep problems per-

sist or worsen during this timeframe [3, 12–15]. This is a process 

influenced by both physiological and environmental factors [16]. 

Children who continue to have sleep problems in the preschool 

years are at risk for a range of later emotional, behavioral, and 

cognitive difficulties [13, 17–19], making early identification of 

such problems important. Though previous research has identi-

fied a number of concurrent correlates of sleep problems in this 

age range (e.g. parenting behaviors and qualities of the home 

environment), little is known about factors that are related to 

changes in infant or toddler sleep problems over time. This is an 
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important limitation of the current literature because the devel-

opment of effective interventions requires not only being able to 

provide evidence of distinct patterns of child sleep disturbance 

over the toddler years (e.g. persisting, remitting, and increasing), 

but also on identifying factors that can discriminate between 

children whose sleep problems will lessen or increase over time. 

If such groups can be empirically identified and discriminated 

from one another (ideally based on information that is ascer-

tainable before the change in sleep problems has occurred), it 

has the potential to facilitate earlier intervention for the most 

at-risk children.

Previous studies on the developmental course of toddler 
sleep problems

Several different study designs have been used in previous re-

search to characterize children’s sleep patterns over the first 

few years of life (see [11] for a relevant systematic review). 

Most studies in this area have utilized cross-sectional data to 

examine sleep patterns in this age range, including several 

large-scale studies that compare groups of children of different 

ages on various dimensions of sleep (e.g. [9, 20, 21]). Though 

these studies provide tremendous insight into normative sleep 

patterns (including reference values and percentiles that have 

clinical utility), the data that they yield captures between-group 

differences in sleep, rather than within-person change in sleep 

overtime (i.e. differences in sleep between a group of 2-year-olds 

and an independent group of 3-year-olds vs. change in sleep 

within the same individuals as they age from two to three). The 

former data type is often used to make conclusions about the 

latter, though this is not always appropriate, in part because 

studies of between- and within-person differences test different 

questions and because they often yield conflicting results [22, 

23]. Many theoretical and clinical questions about sleep patterns 

in this age range are fundamentally interested in within-person 

change, which makes this an important distinction.

Building on this cross-sectional data, there have also been 

a number of longitudinal studies of infant and toddler sleep 

patterns. The most impressive of these have followed groups of 

children over many years (e.g. [3, 15, 20, 24]) and have been used 

to characterize the average change in children’s sleep over time. 

These studies often report the average amount of sleep or the 

number or percentage of children with disturbed sleep at each 

time point, and compare these values over time to get a sense of 

developmental trajectories; few have utilized modern statistical 

methods for analyzing trajectories of sleep, for example, latent 

curve modeling (LCM; see [25] for an exception), which allow for 

a more nuanced understanding of change over time. More im-

portantly, these studies have almost exclusively used variable-

centered approaches for analyzing these longitudinal data; 

none to our knowledge have used a person-centered approach 

to examine trajectories of sleep problems. That is, these studies 

have been focused on modeling the trajectory for the average 

child (vs. examining whether there are subgroups of children 

who differ from one another in their trajectory), a fact that is 

reflected in their analytic approach. Though variable-centered 

techniques offer important information about normative sleep 

development, as is true for nearly every aspect of development, 

the average trajectory does not describe all children (and in 

many cases does not describe the majority of children). Rather, 

clinical observations and findings in the extant literature sug-

gest that there are groups of children who differ from one an-

other on their developmental course (e.g. who exhibit persisting, 

remitting, or increasing sleep problems). Such groups are not 

easily detectable using variable-centered approaches [23, 26]. 

The use of a person-centered statistical technique to examine 

change in toddler sleep problems, therefore, is a novel approach 

that may yield interesting additional information about child 

sleep problems, measured in the current study at 24, 30, and 

36 months of age.

As alluded to above, there are a few studies that have exam-

ined persisting, remitting, and increasing sleep problems in this 

age range (e.g. [12–14]). Most of these studies have utilized data 

from two-time points and have examined whether a child meets 

the criteria for poor sleep at one or more assessments. Based on 

this information, children are grouped into categories defined as 

having persisting (meeting criteria at both time points), remit-

ting (meeting criteria only at time one), or increasing (meeting 

criteria only at time two) sleep difficulties. Though these studies 

represent an important first step in characterizing these pat-

terns of children’s sleep problems, we believe that using a 

person-centered statistical technique to analyze such data 

offers several advantages over this statistical approach.

For example, the previous approach typically involves 

categorizing children into dichotomous problematic vs. 

nonproblematic sleep groups at each assessment in order to 

evaluate whether children’s problems have changed over time. 

Though this likely captures children whose problems have 

become dramatically better or worse during the prescribed 

timeframe, it does not capture the extent to which the child’s 

sleep problems are increasing or decreasing over time, and likely 

collapses children who are showing different developmental 

patterns into the same group. That is, it is possible that some 

children who are categorized as having persistent problems 

(based on meeting criteria for problematic sleep at both time 

points) may actually be experiencing decreasing sleep problems 

(that may resolve over time), while others may be experiencing 

stable or increasing problems. Similarly, a child whose sleep was 

initially undisturbed but who has increasing sleep problems 

(that may later become clinically significant but as of yet are 

not) may be classified as stably nonproblematic using this ap-

proach, even though this upward trajectory likely places them at 

Statement of Significance

Previous research examining the development of sleep problems has relied almost exclusively on variable-centered statistical techniques, 

which are methods that provide information about the average individual and their expected developmental course. While this informa-

tion is very valuable, it does not give insight into individuals who deviate from the average trajectory (e.g. whose sleep problems persist, 

remit, or increase over time). As these “nonaverage” individuals are often those of most clinical concern, this is an important limitation. The 

current study provides evidence that person-centered statistical techniques (which are designed to identify subgroups of individuals who 

differ in their initial level and/or trajectories) may be a helpful method for characterizing the developmental trajectories of “nonaverage” 

children and for identifying children most at-risk.
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risk for later difficulties. This level of nuance can be lost using a 

variable-centered analytic approaches, but can be more readily 

captured using a person-centered trajectory approach like la-

tent class growth analysis (LCGA) [27].

Additionally, being able to classify children into problematic 

and nonproblematic groups (as the previous approach necessi-

tates) requires an a priori operationalization of problematic 

sleep, and a child’s classification, by definition, will depend on 

this operationalization. Person-centered approaches like LCGA 

donot require such definitions, but rather yield data-driven 

classes that reflect subgroups of children who differ from one 

another in their initial sleep difficulties and their trajectories of 

sleep problems over time.

There are a few previous studies that have used person-

centered statistical approaches in the sleep literature, though 

none to our knowledge have applied person-centered tech-

niques to model trajectories of sleep nor have they examined 

change in sleep across the toddler years. In a relevant example, 

Cook et al. [28, 29] used latent profile analysis (LPA) to examine 

profiles of infant sleep problems assessed at multiple timepoints 

between 3 and 12 months of age. This statistical approach, like 

LCGA, identifies subgroups (or “profiles”) of individuals who 

differ from one another on the variables considered. However, 

LPA differs from LCGA in that it does not model change in sleep 

overtime (i.e. a slope), but rather categorizes individuals based 

on their score at each individual assessment without consid-

ering the underlying growth process. Using LPA, these authors 

found evidence of four sleep classes: one with persistently high 

problems, a “settled” class (with persistently low problems), a 

class with problems at 6  months, and a class with problems 

at 9 months. While this study provides important information 

about sleep in infancy and provides preliminary evidence of the 

utility of using a person-centered approach, there is additional 

important information to be gained by using LCGA, particularly 

in a different age range. That is, identifying children who differ 

from one another in their developmental trends (slopes) as well 

as their initial level of problems (intercepts) may yield additional 

information.

In another relevant example, Jusiené et al. (2019) [30] used 

mixture modeling (a person-centered approach similar to LPA) 

to create subgroups of children who differed from one another 

in preschool-aged sleep (assessed at two-time points) and in 

their self-regulation. Again, while informative and interesting, 

these classes were created without modeling change in sleep 

over time, and class membership in this study was contin-

gent upon both sleep and self-regulation, in alignment with 

their study’s research questions. A study that considers sleep 

(and its development) alone is likely to yield different results. 

Indeed, these authors found that the sleep patterns cap-

tured by their classes differed depending on the dimension of 

self-regulation considered (i.e. “hot” vs. “cool” task perform-

ance), suggesting that the profiles were quite dependent on 

the other variables considered in the particular model. In a 

third relevant study, Winsper et  al. (2014) [31] used LCGA to 

look at trajectories of dysregulated behaviors between 4 and 

9.5 years of age. They found evidence of four classes that dif-

fered in their overall level of dysregulation and found that 

these classes differed from one another in their early life 

sleep problems. While this study provides additional support 

that early sleep problems may have lasting effects on child 

behavior, this study did not examine trajectories of sleep or 

create profiles based on sleep, which provides a unique niche 

that the current study helps to fill.

Does a person-centered trajectory approach provide 
meaningful additional information?

The goal of the current study was to investigate whether person-

centered trajectory analysis holds promise as an approach to 

studying change in children’s sleep problems across the toddler 

years. Though the novelty of using a person-centered approach 

to analyze longitudinal sleep data is clear, it is our opinion that 

the following criteria should be met in order to demonstrate that 

this approach yields unique information about toddler sleep 

problems, above and beyond that produced by previously used 

approaches. (Of note, these criteria do not all need to be met in 

order for this approach to be statistically viable. Rather, they re-

flect what we believe are necessary criteria to demonstrate the 

incremental advantage of using this approach to help under-

stand toddler sleep problems and their developmental course).

First, the LCGA results should suggest there are at least two 

subgroups, or classes, of children (if the LCGA yields a one-class 

solution, this would suggest that there are not distinct sub-

groups). Second, the classes produced should be interpretable 

and align broadly with previous research and/or theoretical pre-

dictions. There does not need to be perfect correspondence here, 

but a solution that only yields theoretically implausible sub-

groups would not be very useful. Third, the classes should differ 

on expected constructs (i.e. child correlates of sleep problems 

identified by previous research) in ways that show that add-

itional information is gained by knowing about their trajectories 

and not just their overall level. In the current study, we exam-

ined whether the classes differed on measures of children’s 

emotional and behavioral functioning (which have been linked 

with child sleep problems in previous research [13, 15, 19, 32]) 

when they were 3 years old, as a means of testing whether this 

last criteria was met.

In addition to demonstrating that this type of statistical 

approach has utility (using the above criteria), a study of this 

nature would ideally identify factors that distinguish classes 

with deviating developmental trajectories (e.g. to distinguish 

children who begin with similar levels of sleep difficulty, but 

who differ in their trajectories over time). If we are able to find 

such factors, ideally using data that was collected at or before 

the initial wave of sleep assessment (i.e. before the change 

in sleep has occurred), it could help with early identification 

of children who are likely to develop persisting vs. remitting 

problems, and could open the door to earlier intervention for 

at-risk children. Previous research has reported a number of 

correlates of concurrent child sleep problems that can be rela-

tively easily assessed in a clinical setting, including parenting 

behaviors [9, 33], parental mental health (maternal depression 

in particular [14, 34]), and stressful environmental factors such 

as marital conflict [35, 36]. Though these variables are hypothe-

sized to also be related to persisting or remitting sleep prob-

lems over time, the existing literature has not found strong 

support that this is the case. For example, maternal depressive 

symptoms have been linked with concurrent or overall level 

of sleep problems [14, 34, 37], but several studies have found 

that these symptoms were not predictive of persistent prob-

lems [13, 14]. Wake et al. [4] found that children who had re-

peated sleep problems (who met criteria at 3 or more times 
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between 2 and 24 months) had mothers with higher depressive 

symptoms, but they conclude that sleep problems contributed 

to maternal depression, not that maternal mental health was 

a predictor of child sleep problems. Similarly, parenting behav-

iors and qualities of inter-parental conflict have been associ-

ated with concurrent or overall levels of sleep problems [36, 38] 

but not with persistent problems in this age range [4]. Might a 

person-centered approach help us to clarify whether these fac-

tors can help signal risk for the persistence or development of 

toddler sleep problems?

Research questions

Using data from a sample of ethnically and economically diverse 

children living in and around a medium-sized southeastern city, 

we examined the following research questions: (1) Using LCGA, a 

person-centered analytic approach, can we identify subgroups of 

children who differ meaningfully from one another in their tra-

jectories of sleep problems over the toddler years?; and (2) Can we 

identify factors that distinguish the groups of children who begin 

with similar levels of sleep problems but who subsequently have 

deviating developmental trajectories (persisting vs. remitting sleep 

problems)?

Based on the data described above, we hypothesized that 

there would be subgroups of children who differed in their 

sleep problems. We hypothesized that these subgroups would 

include classes that exhibit persisting, remitting, or increasing 

sleep problems. We hypothesized that at least some of the 

factors identified using previous research (as being related to 

sleep problems using other research designs and other analytic 

strategies) would help us to discriminate between classes. As 

outlined above, if these hypotheses are supported, this would 

provide compelling evidence that person-centered analytic 

techniques may be useful for understanding toddler sleep 

problem trajectories.

Methods

Participants

Data came from 185 participants enrolled in the Durham 

Child Health and Development Study, a longitudinal study of 

socioeconomically and racially diverse families living in and 

around a mid-sized southeastern city. Families with healthy, 

full-term infants were recruited via fliers and postings at birth 

and parenting classes and through phone contact via birth re-

cords during the first 3 months of the child’s life. Participants 

were selected in accordance with a stratified sampling plan de-

signed to reflect the demographic diversity of Durham, North 

Carolina. Recruitment procedures were designed to yield ap-

proximately equal numbers of White and Black families sam-

pled from low- and middle-income groups.

Procedure

Data used in these analyses came from a series of assessments 

completed when children were 12, 24, 30, and 36 months old. At 

each assessment time point, mothers completed questionnaires, 

and the mother and child came to our laboratory to complete a 

number of age-appropriate tasks, including a parent–child free-

play interaction task.

Measures

Demographic variables. When children were 12  months old, 

mothers reported information on a variety of household demo-

graphics, including the sex (0  =  female, 1  =  male) and race of 

the child (0 = Black, 1 = White), and parental age (in years), par-

ental education completed. The mother’s and father’s highest 

level of completed education was assessed via parental report 

using a 23-point scale where values 0–11 indicate the highest 

grade level that they had completed, and values 12–22 include 

milestones including obtaining a Graduate Equivalency Diploma 

(12), graduating from high school (14), completing a 4 year col-

lege degree (18), and obtaining a PhD (22). When children were 

36 months old, parents reported on the total family income from 

all sources and the total number of people residing in the home. 

Income-to-needs ratios were calculated by dividing the total 

household income from all possible sources by the federally de-

termined poverty threshold for the number of people living in 

the household for that year.

Child sleep problems. Child sleep problems were assessed via ma-

ternal ratings on the 100-item Child Behavior Checklist (CBCL) 

[39] when children were 24, 30, and 36 months old. The 7-item 

sleep problem scale asks respondents to rate on a 3-point scale 

(where 0  =  not true, 1  =  somewhat or sometimes true, and 

2 = very true or often true) how true each statement is of their 

child now or within the past 6 months. The items assess a var-

iety of sleep problems, and query about how often the child “has 

trouble getting to sleep,” “resists going to bed at night,” “talks or 

cries out in sleep,” “doesn’t want to sleep alone,” is “overtired,” 

has “nightmares,” and “sleep less than most kids during the day 

and/or night.” Scores on these 7-items were summed to create 

the sleep problem score (α  =  0.701–0.703 at the various child 

ages). The CBCL sleep problems score has been validated against 

objective measures of sleep [40, 41], has been shown to exhibit 

convergent validity [41, 42], and has successfully been used in 

previous studies of young children [19, 25, 30, 37]. Following con-

ventions of trajectory analysis, raw scores were used in analyses.

Child behavioral problems. Child behavior problems were also as-

sessed using the CBCL at 36  months. The internalizing, exter-

nalizing, and global symptom severity scores (αs  =  0.86–0.95) 

were summed using standard scoring methods, and t-scores 

were calculated. Example items include “nervous, high strung, 

or tense” (internalizing) and “temper tantrums or hot temper” 

(externalizing).

Maternal parenting behaviors. At the 12  month visit, mothers 

and children participated in a 10-minute free-play interaction. 

Dyads were asked to sit on a blanket on the floor and were pre-

sented with a standard set of developmentally appropriate toys. 

Mothers were instructed to play with their children as they 

normally would if they had a few free minutes during the day. 

Interactions were videotaped and were later coded using seven 

global rating scales adapted from those used in the NICHD Study 

of Early Childcare [43, 44], Sensitivity/Supportive Presence, 

Detachment/Disengagement, Intrusiveness, Stimulation of 

Cognitive Development, Positive Regard, Negative Regard, and 

Animation. Coders rated parenting behaviors on a 5-point scale 

(1 = not at all characteristic and 5 = very characteristic). Informed 

by an exploratory factor analysis with an oblique rotation (i.e. 

promax), the seven individual scales were combined to obtain 
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overall measures of sensitive parenting (the mean of Sensitivity, 

Stimulation, Positive Regard, Animation, and reverse-scored 

Detachment) and harsh-intrusive parenting (the mean of 

Intrusiveness and Negative Regard). All interactions were coded 

by two coders, and inter-rater reliability was excellent (ICC sen-

sitive parenting = 0.88; ICC harsh-intrusive parenting = 0.80).

Maternal mental health. Maternal mental health was assessed at 

12 months of child age, using the sex-adjusted t-scores for the 

depression, anxiety, and global severity subscales of the Brief 

Symptom Inventory [45] (α = 0.77–0.96).

Inter-parental conflict. Inter-parental verbal and physical aggres-

sion were assessed using the Conflict Tactics Scale–Couple Form 

R (CTS-R) [46] a 19-item self-report measure completed by the 

mother when the child was 30 months old (this measure was not 

administered in this study prior to this time point). Respondents 

were asked to rate on a 7-point Likert-type scale (0  =  never, 

1 = once, 2 = twice, 3 = 3–5 times, 4 = 6–10 times, 5 = 11–20 times, and 

6 = <20 times) how often in the past 12 months they engaged in 

specific behaviors in response to an argument. They were also 

asked to rate how often in the past 12 months their partner en-

gaged in each behavior. This reference window indexes behav-

iors that occurred when the child was 18–30 months old.

The 12-item verbal aggression and 9-item physical violence 

subscales were used in this study. An example item reads “in-

sulted or swore at him/her/you” (verbal aggression) “kicked, bit, 

or hit him/her/you with a fist” (physical violence). Following pre-

vious reports [47, 48], maternal reports of her and her partner’s 

behavior on each subscale were averaged to capture the total 

verbal aggression (α  =  0.77) and total physical aggression 

(α = 0.83) occurring in the relationship.

Analytic strategy. First, LCM was used to characterize the average 

trajectory of child sleep problems. Model fit was evaluated using 

the Comparative Fit Index (CFI), Tucker‐Lewis Index (TLI), and 

the Root Mean Square Error of Approximation (RMSEA). CFI and 

TLI values above 0.90 and RMSEA values below 0.05 indicate ad-

equate model fit [49, 50]. Next, LCGA was used to identify sub-

groups of children who differed from one another in the initial 

level or slope of sleep problems. One- through nine-class un-

conditional LCGA models were fit to the data. All analyses were 

conducted using Mplus 7.4 [51] using the robust maximum like-

lihood estimator. Full information maximum likelihood [52] was 

used to handle missing data.

As with any data-driven approach, the process of selecting 

the optimal number of classes depends on a number of fac-

tors, including indices of model fit, theoretical justification, 

and interpretability of the resultant classes [27]. To this end, we 

examined Bayseian Information Criteria (BIC) values and the re-

sults of Vuong-Lo-Mendell-Rubin likelihood ratio tests (VLMR 

LRT) for the k-class vs. k-1 class model. Lower BIC and a sig-

nificant VLMR LRT generally support the preferred model [27, 

53]. Entropy, an index of precision of class assignment, was also 

examined (higher values suggest greater precision of class as-

signment [27]). In terms of theory and interpretability, it is re-

commended that each class should include at least 5% of the 

complete sample and that the classes produced should capture 

theoretically plausible patterns of change. The above described 

statistical indices do not always converge on a single solution; 

class selection, therefore, relies on a global impression of the 

statistical indices (rather than a value on any single criteria) in 

consultation with theory [27].

After a class solution was selected, the resulting classes were 

compared to one another using analysis of variance (ANOVA) or 

using analysis of covariance (ANCOVA) for models that included 

covariates. A Bonferroni correction for multiple comparisons was 

applied in each of these models. Groups were compared to one an-

other on (1) child internalizing, externalizing, and total problem 

behaviors at 36 months (used to examine whether the groups dif-

fered from one another on expected constructs; Research Question 

One). In each of these models, we controlled for the 24 month as-

sessment of the same construct (i.e. 24 month internalizing prob-

lems were controlled for in the model that considered 36 month 

internalizing problem differences across classes); and (2) con-

textual factors that may help discriminate which children will go 

on to have difficulties measured at 12–18 months of age (Research 

Question Two). As articulated above, we focused on 12–18 months 

of age because we reasoned that measures that could be obtained 

before the change in sleep problems has occurred (i.e. those that 

would have the greatest possibility of signaling early risk for per-

sisting problems) would have the greatest clinical utility.

Results

Descriptive statistics

Descriptive Statistics appear in Table 1. Approximately half 

(49%) of the children in this sample were female, and 59% were 

Black (41% were White). On average, mothers were 28.71 years 

old (SD = 5.60), and fathers were 30.43 years old (SD = 6.16) at 

study entry. The median household income when the child was 

36 months old was $78 482 (SD = $60 096, range: $1100–$410 400).

Latent curve model: describing the average trajectory of 
toddler sleep problems

Prior to testing for subgroups, we estimated an LCM in order 

to describe the average trajectory of sleep problems from 24 to 

36 months. On average, children started with a 24 month sleep 

problem score of 2.11 and increased, on average, 0.25 every 

6 months (p = .003). This model fit the data well, χ 2 = 4.28 (df = 3), 

p = .23, CFI = 0.99, TLI = 0.99, RMSEA = 0.048. This average trajec-

tory is visually depicted in Figure 1.

Latent class analysis: selection of the optimal class solution 

See Table 2 for the BIC and VLMR LRT p values associated with the 

two- through nine-class solutions. As can be seen in this table, the 

four-class solution had the lowest BIC value (2265.68 vs. 2273.67 for 

the three-class and 2268.04 for the five-class solution). The VLMR 

LRT p value for the four- vs. three-class solution was not quite sig-

nificant p = .14; however, the entropy was higher for the four- vs. 

the three-class solution (0.86 vs. 0.80), suggesting greater precision 

of class assignment for the four-class solution. When examining 

the classes produced by the four-class solution, we saw that each 

class included at least 5% of the sample (this was not true of the 

five- through nine-class solutions) and that each class was theor-

etically sound. As such, the four-class solution was selected.

The four classes are visually depicted in Figure 1. Class one, 

which we named “high, increasing” (n = 12; 6.5% of the sample) 

began with an average sleep problem score of 5.5 at 24 months. 
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They increased on average 1.15 every 6 months (p = .02). Class 

two, which we named “high, decreasing” (n = 30; 16.2%), started 

with an average sleep problem score of 4.89 and decreased, on 

average, 0.82 every 6 months (p = .04). These two classes began 

with a similar degree of sleep difficulty at 24 months, but devi-

ated in their developmental trajectory over time (i.e. one class 

increased while the other decreased).

Class three, “low, increasing” (n  =  30; 16.2%), started with a 

24 month sleep problems score of 1.97. On average, they decreased 

1.34 every 6 months (p = .001). Class four, “low, stable” (n = 113; 61.1%) 

started with few sleep problems, 1.01, and their sleep problem 

score did not change significantly over time (p =  .12). These two 

groups started with few sleep problems at 24 months, but deviated 

in their developmental trajectory (increasing vs. stable problems).

The four classes did not differ significantly from one another 

on any of the demographic variables reported herein (ps > .09).

LCGA class differences in child behavioral problems

As can be seen in Table 3, the four classes differed signifi-

cantly from one another in their symptoms of behavior prob-

lems, even after controlling for 24  month measures of the 

same measure. The classes differed on internalizing prob-

lems, F = 17.49 (4, 171), p < .001, such that the “high, decreasing 

class” (Class 2; mean = 46.66, SD = 10.51) and the “low, stable” 

class (Class 4; mean = 40.74, SD = 7.49) exhibited fewer intern-

alizing symptoms than the “high, increasing” class (Class 1; 

mean = 54.42, SD = 11.61). The “low, stable” class (Class 4) also 

had fewer internalizing problems than the “low, increasing” 

class (Class 3; mean = 47.57, SD = 10.12).

The classes also differed on externalizing symptoms, 

F  =  24.59 (4, 171), p < .001. The “low, stable” class (Class 4; 

mean = 43.56, SD = 9.71) and the “high, decreasing” class (Class 

2; mean = 48.72, SD = 9.04) exhibited fewer symptoms than the 

“high, increasing” class (Class 1; mean = 58.75, SD = 8.83) and the 

“low, increasing” class (Class 3; mean = 43.65, SD = 9.71).

The four classes also differed from one another in their 

Total Problems scores (F = 36.16 [4, 171], p < .001), such that the 

“low, stable” class (Class 4; mean  =  41.33, SD  =  7.98) and the 

“high, decreasing” class (Class 2; mean = 48.69, SD = 9.51) had 

fewer total problems than the “low, increasing” class (Class 3; 

mean = 50.70, SD = 9.47), and the “high, increasing” class (Class 

1; mean = 41.33, SD = 7.98).

Interestingly, these results suggest that the two classes that 

began with high levels of sleep problems (Classes 1 and 2) but 

who showed diverging trajectories (i.e. increasing vs. decreasing) 

and those with low levels of sleep problems (Classes 3 and 4) but 

who had diverging trajectories (i.e. stable vs. increasing) dif-

fered from one another on all three dimensions of behavioral 

problems at 36  months, even after controlling for 24  month 

Figure 1. Depiction of the four classes identified using latent class growth 

analysis.

Table 1. Descriptive statistics

 Mean (SD) or % Range 

Demographics

 Child sex (% female) 49% ―

 Child race (% Black) 59% ―

 Family income $78 482 ($60 095) $1100–$410 400

 Income-to-needs ratio 4.19 (3.48) 0.08–26.99

 Maternal age 28.71 (5.60) 18–40

 Paternal age 30.43 (6.16) 18–48

Child CBCL sleep problems (raw)

 24 months 2.07 (2.16) 0–9

 30 months 2.43 (2.24) 0–12

 36 months 2.60 (2.33) 0–11

36 month child symptoms (t-scores)

 CBCL internalizing 43.78 (9.66) 29–81

 CBCL externalizing 46.66 (10.45) 28–76

 CBCL total problems 45.42 (10.30) 28–85

12 month maternal symptoms (adjusted t-scores)

 Maternal BSI depression 49.39 (8.49) 42–71

 Maternal BSI anxiety 45.18 (8.91) 38–70

 Maternal BSI global severity 48.38 (10.62) 33–74

30 month inter-parental conflict

 Intimate partner violence 0.05 (0.22) 0–2.22

 Verbal aggression 1.14 (1.02) 0–5.83

12 month maternal parenting behavior

 Maternal sensitivity 3.11 (0.76) 1–4.80

 Maternal harsh-intrusiveness 2.56 (0.85) 1–5

CBCL, Child Behavior Checklist; BSI, Brief Symptom Inventory; m, month.
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behavioral functioning. This is consistent with the proposition 

that additional information may be gained by using this statis-

tical approach than would be gleaned by examining the overall 

level or initial level of sleep problems.

Supplemental analyses: additional behavioral differences 
across classes

As described above, we a priori decided to examine child be-

havioral outcomes at 36 months to test whether the differences 

in developmental trajectories of sleep that were captured using 

this approach had meaningful longer-term consequences for 

children. However, a natural question is whether the classes also 

differed from one another in their behavioral problems at 24 and 

30 months. At 24 months, results from ANOVAs suggest that Class 

1 (“high, increasing”) and Class 2 (“high, decreasing”) both had 

greater scores than Class 4 (“low, stable”) on both internalizing 

problems (Class 1 mean = 50.25, SD = 14.53; Class 2 mean = 48.76, 

SD = 9.99; Class 4 mean = 41.51, SD = 7.33; F = 7.94 [3, 177], p < 

.001) and externalizing problems (Class 1 mean = 53.42, SD = 9.22; 

Class 2 mean = 51.03, SD = 7.42; Class 4 mean = 43.24, SD = 8.77; 

F = 10.11 [3, 177], p < .001). For 24 month total problems, Class 1 

(“high, increasing”; mean = 56.33, SD = 13.34) and Class 2 (“high, 

decreasing”; mean = 52.28, SD = 7.90) both had greater total prob-

lems than Class 3 (“low, increasing”; mean = 45.32, SD = 8.01) and 

Class 4 (“low, stable”; mean = 41.66, SD = 7.56). Class 1 did not 

differ significantly from Class 2, nor did Class 3 differ signifi-

cantly from Class 4, F = 21.45 (3, 177), p < .001.

At 30 months, Class 1 (“high, increasing”) had greater internal-

izing problems than Class 4 (“low, stable”), F = 5.07 (3, 177), p = .002 

(Class 1 mean = 50.58, SD = 10.38; Class 4 mean = 42.45, SD = 7.87). 

For 30 month externalizing problems. Class 1 (“high, increasing”; 

mean  =  57.00, SD  =  7.39) and Class 2 (“high, decreasing”; 

mean = 49.21, SD = 7.39) both had greater total problems than 

Class 3 (“low, increasing”; mean = 48.00, SD = 9.15) and Class 4 

(“low, stable”; mean = 44.06, SD = 8.84), who did not differ from 

one another, F = 10.10 (3, 177), p < .001). For total problem behav-

iors, Class 1 (“high, increasing”; mean = 57.42, SD = 8.13) had more 

total behaviors than Class 2 (“high, decreasing”; mean = 48.61, 

SD = 6.75) and Class 3 (“low, increasing; mean = 47.90, SD = 8.85), 

who were all greater than Class 4 (“low, stable”; mean = 42.53, 

SD = 7.91). F = 16.45 (3, 177), p < .001.

Predictors of persisting or remitting course

Our secondary research question surrounded whether we could 

identify early life factors that differentiated between children 

who began with similar levels of sleep problems but who dif-

fered in their developmental course (i.e. differences between 

Classes 1 and 2, and between Classes 3 and 4). Results indicate 

that dimensions of maternal mental health, inter-parental con-

flict, and maternal parenting behaviors helped to identify chil-

dren whose sleep problems increased over time.

The mothers of children in the “low, stable” class (Class 

4)  endorsed fewer depressive symptoms at 12  months 

(mean  =  47.39, SD  =  7.51) than both the “high, decreasing” 

(Class 2; mean = 53.19, SD = 9.37) and “low, increasing” classes 

(mean = 52.36, SD = 8.87), who did not differ significantly from 

one another on maternal depressive symptoms, F = 4.95 (3, 153), 

p = .003. Mothers in the “low, stable” class (Class 4; mean = 44.72, 

Table 2. Bayesian information criteria and likelihood ratio test re-

sults for the one- through nine-class solutions

 BIC VLMR LRT p value 

Two-class 2290.39 <.001

Three-class 2273.67 .04

Four-class 2265.68 .14

Five-class 2268.04 .24

Six-class 2270.53 .25

Seven-class 2271.12 .57

Eight-class 2278.05 .11

Nine-class 2281.60 .35

BIC, Bayesian Information Criteria; VLMR LRT, Vuong-Lo-Mendell-Rubin 

likelihood ratio tests. The bolded values indicate the class solution that was 

selected.

Table 3. Differences across latent class growth analyses classes

 

“High, 

increasing” 

“High, 

decreasing” 

“Low, 

increasing” “Low, stable”   

 N = 12 N = 30 N = 30 N = 113   

Class 1 Class 2 Class 3 Class 4

36 month child symptoms (t-scores)

 CBCL internalizing 54.42 (11.61) 46.66 (10.51) 47.57 (10.12) 40.74 (7.49) C2=C4<C1; C3<C1 F = 17.49 (4, 171), p < .001

 CBCL externalizing 58.75 (8.83) 48.72 (9.04) 50.57 (10.01) 43.65 (9.71) C2=C4<C1=C3 F = 24.59 (4, 171), p < .001

 CBCL total problems 60.83 (10.02) 48.69 (9.51) 50.70 (9.47) 41.33 (7.98) C2=C4<C1=C3 F = 36.16 (4, 171), p < .001

12 month maternal symptoms (adjusted t-scores)

 Maternal BSI depression 50.45 (9.22) 53.19 (9.37) 52.36 (8.87) 47.39 (7.51) C4<C2=C3 F = 4.95 (3, 153), p = .003

 Maternal BSI anxiety 48.27 (9.95) 47.11 (10.85) 46.96 (1.77) 43.80 (8.03) ― F = 1.99 (3, 153), p = .118

 Maternal BSI global severity 55.09 (10.53) 53.93 (9.36) 53.16 (9.04) 44.72 (9.90) C4<C1=C2=C3 F = 11.13 (3, 153), p < .001

30 month inter-parental conflict

 Intimate partner violence 0.45 (1.27) 0.05 (0.13) 0.09 (0.28) 0.06 (0.23) C2=C4<C1 F = 3.21 (3, 134), p = .025

 Verbal aggression 3.44 (3.03) 2.36 (1.83) 2.14 (2.12) 2.13 (1.87) ― F = 1.53 (3, 134), p = .210

12 month maternal parenting behavior

 Maternal sensitivity 2.67 (0.71) 2.99 (0.75) 3.04 (0.63) 3.21 (0.78) ― F = 1.19 (3, 148), p = .103

 Maternal harsh-intrusiveness 2.72 (0.82) 2.75 (0.87) 2.95 (0.97) 2.40 (0.79) C4<C3 F = 2.37 (3, 148), p = .019

CBCL, Child Behavior Checklist; BSI, Brief Symptom Inventory; m, month; C, class.
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SD  =  9.90) also differed from all of the other classes on their 

global symptom severity scores (F  =  11.13 [3,  153], p < .001); 

Class 1 (“high, increasing”; mean  =  55.09, SD  =  10.53), Class 2 

(“high, decreasing”; mean = 53.93, SD = 9.36), and Class 3 (“low, 

increasing”; mean = 53.16, SD = 9.04) did not differ significantly 

from one another. The “low, increasing” class (Class 3) exhibited 

more harsh-intrusive parenting behaviors at 12 months of age 

than the “low, stable” class (Class 4), F = 2.37 (3, 148), p = .019. The 

classes did not differ on maternal anxiety, inter-parental verbal 

aggression, or on observed maternal sensitivity, ps > .10.

Discussion

Utilizing longitudinal data from a racially and economically di-

verse sample of children, the goal of the current study was to 

explore whether person-centered analysis holds promise as a 

helpful approach to studying change in children’s sleep prob-

lems. As described in more detail below, results suggest that 

there were four subgroups of children that differed from one 

another in their initial level and/or trajectory of toddler sleep 

problems. These groups differed from one another on expected 

constructs (i.e. child behavioral problems), and, intriguingly, we 

were able to identify several early life factors that distinguished 

children who would go on to develop worsening sleep problems 

from those whose sleep problems improved or remained con-

sistently low. This is the first study to our knowledge to apply a 

person-centered approach to the study of sleep trajectories; the 

results suggest that this may be a helpful approach to under-

standing change in sleep problems over time and may represent 

a unique way of identifying children at risk for persistent sleep 

problems.

In designing this study, we a priori proposed three criteria 

that should be met in order to support the utility of using a 

person-centered approach to analyzing toddler sleep problem 

data. We proposed that the utility of this approach would be 

confirmed if we found evidence of at least two classes (Criteria 

1), that yielded classes that aligned broadly with theoretical 

expectation (Criteria 2), and that differed from one another in 

ways that suggested that additional information was gained by 

considering these data in this way (Criteria 3). Each of these cri-

teria was met. Results from our LCGAs pointed to a four-class 

solution (Criteria 1), with “low, stable,” “low, increasing,” “high, 

increasing,” and high, decreasing” classes. These classes are 

consistent with our hypothesis that there would be subgroups 

that exhibit persisting, remitting, and increasing sleep problems 

(Criteria 2). Consistent with clinical observations, for most tod-

dlers, sleep problems improved over time or remained stably low 

(as evidenced by Classes 2 and 4 making up 77% of the sample). 

However, for approximately one in five children, sleep problems 

increased between 2 and 3 years of age (Classes 1 and 3 made up 

23% of the sample).

These classes differed from one another in their behavioral 

problems, in ways that suggest that this approach provides add-

itional information than simply examining the overall level of 

sleep problems or examining the average trajectory of child sleep 

problems (Criteria 3). Across all three domains (internalizing, ex-

ternalizing, and total problem behaviors), we found that the two 

classes that began with high levels of sleep problems but who 

showed diverging trajectories (increasing vs. decreasing; Classes 

1 and 2) differed on their behavioral problems, as did the two 

classes who began with low levels of sleep problems but that 

had diverging trajectories (increasing vs. stable; Classes 3 and 

4), even after controlling for behavioral problems at 24 months. 

In each case, the increasing class exhibited more problems than 

the stable/decreasing class. Together, these results suggest that 

additional information about child behavioral functioning is 

gained by considering trajectories of toddler sleep problems in 

this way.

As a secondary goal, this study examined whether we could 

identify factors that discriminated between children who 

started with similar levels of sleep problems but who would go 

on to have increasing or decreasing problems. In this study, we 

focused on constructs that can be fairly easily measured in a 

clinical setting and intentionally focused on measures obtained 

at 12 months of age because we reasoned that the most useful 

clinical tool would be one that would signal risk before the 

change in sleep has occurred. Results suggest that greater ma-

ternal depressive symptoms, global symptom severity, and 

harsh-intrusive parenting behaviors at 12  months may signal 

risk for the onset of new sleep problems. Specifically, we found 

that these factors differed between children who had few sleep 

problems at 24  months but whose sleep problems increased 

over time (Class 3) and children who consistently had few sleep 

problems (Class 4). Intimate partner violence may help to iden-

tify children with persistent sleep problems; intimate partner 

violence distinguished children who had higher 24 month sleep 

problems that increased over time (Class 1)  from those whose 

sleep problems decreased over time (Class 2). These findings add 

to a limited body of literature examining correlates of persistent 

sleep problems, and uniquely identify factors that may help to 

identify the onset of new sleep problems.

The results of this study, while preliminary until replicated 

in other samples, may have implications for the earlier identifi-

cation of children with increasing or persistent sleep problems. 

For example, it suggests that screening for and offering support 

related to maternal mental health and domestic violence in a 

pediatric care setting may have benefits not just for physical or 

emotional health (as is often the focus), but also for their sleep. 

Intervention aimed at supporting harmonious parent–child 

interaction may also help support healthy sleep development 

as well as its associated behavioral problems. Our results also 

suggest that assessing sleep problems repeatedly over this de-

velopmental time frame (and considering any individual sleep 

assessment within the context of its developmental trend) may 

be helpful for the early detection of sleep problems. Finally, this 

study provides reassuring information that clinicians can pro-

vide to parents of toddlers―for the majority of children, sleep 

problems remain low and stable, and even among those who 

had challenges early on, almost all have resolved by 3  years 

of age.

This study had a number of strengths, in addition to the novel 

statistical approach used to analyze these data. We utilized pro-

spective, longitudinal data collected from a racially and eco-

nomically diverse sample of children. We utilized multi-method 

assessments to characterize both child- and family-level vari-

ables, and we were able to identify multiple factors that were 

related to the onset or persistence of sleep problems. The spe-

cific variables that we examined can be easily assessed in a clin-

ical setting and represent potentially modifiable environmental 

factors, which makes them amenable to intervention and may 

therefore increase the clinical significance of these findings.
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This study also had limitations. Many of our measures re-

lied on the maternal report, including our measure of child sleep 

problems. Though this measure has been validated and shows 

correspondence with some objective measures of sleep [41, 42], 

responses could be biased by maternal perception or conceptu-

alizations of normative child sleep behavior. While we believe 

that utilizing parental reports in this context is helpful because 

parental report is how most children in this age range will be 

assessed clinically, future research should examine whether 

similar findings hold when examining more objective measures 

of child sleep quality. This study utilized a measure of sleep that 

captures overall sleep problems (vs. more specific dimensions 

of sleep disturbance), which conflates multiple types of sleep 

problems that likely have different causes, consequences, and 

possibly developmental course (e.g. problems with sleep ini-

tiation, efficiency, duration, and fragmentation). Though this 

focus and sampling strategy increases the population to which 

our findings extend, these data may not represent all children 

or clinical populations. Future studies that examine specific di-

mensions of sleep disturbance may yield different results, as 

might studies that use more objective measures of sleep effi-

cacy and quality. Our measure of inter-parental conflict was as-

sessed at 30 months (indexing behaviors occurring between 18 

and 30 months of child age). This was the first assessment of 

marital conflict available in this longitudinal study, but indexes 

behaviors occurring later in development than our measures 

of maternal mental health or parenting behaviors. In referring 

to these variables as potential “risk factors” for sleep problems, 

we may be implying a directionality of effect. While the tem-

poral ordering of the measurement of the current study is con-

sistent with the idea that these “risk factors” predate the change 

in sleep problems, there likely are bidirectional associations 

between these variables and sleep (e.g. [54, 55]) that should be 

explored in future studies. Of note, in the current study, we 

examined measures of these “risk factors” early in the child’s life 

(prior to the assessment of sleep), with the goal of identifying 

factors that could signal risk for developing sleep problems 

later in development. However, factors like maternal depressive 

symptoms, parenting behaviors, and intimate partner violence 

tend to show some stability over time [56–58], which the current 

study did not capture or examine. Thus, we want to be clear that 

these results do not necessarily suggest that maternal or family 

functioning at 12–18  months is uniquely related to the devel-

opment of child sleep problems (over and beyond the effects of 

maternal or family functioning at 18–36  months), simply that 

an assessment of these factors early in life may be helpful for 

signaling later risk.

Summary and conclusions

The current study examined whether utilizing person-centered 

trajectory analysis had the potential to inform our understanding 

of toddler sleep problems and their development. We found evi-

dence of four distinct classes of children that differed from one 

another in their initial level and/or developmental course of 

sleep problems from 24 to 36 months of age. These classes align 

with theoretical expectations and captured persisting, remit-

ting, and increasing sleep problems. These groups differed from 

one another on internalizing, externalizing, and total problem 

behaviors at 3 years of age, in ways that demonstrate that add-

itional information is gained by using this statistical approach, 

as compared to variable-centered approaches. Additionally, 

we found evidence that greater maternal depression, global 

symptom severity, and harsh-intrusive parenting behaviors may 

signal risk for the onset of new sleep problems, while intimate 

partner violence may help to identify the most at-risk children.
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