
P2-G-360Latent Profile Analysis as a Data-Driven Approach to 
Characterize Infant Baseline Electroencephalography (EEG)

Lara J Pierce1, Charles A Nelson2,3

York University1, Boston Children’s Hospital2, Harvard Medical School3

Electroencephalography (EEG)

EEG, recorded from 
scalp electrodes, 
reflects electrical 
activity generated 
by the brain 

Easily measured in 
lab; well-tolerated 
even from infancy

Powerful tool to 
probe 
neurodevelopment

HOW IS IT ANALYZED?
EEG data can be analyzed in many ways. One is to decompose 
the oscillatory EEG signal into component frequency bands. This 
approach can reveal properties of cortical maturation and 
functional organization from the earliest stages of life (e.g., Saby & 
Marshall, 2012; Anderson & Perone, 2018)

HOW IS IT INTERPRETED? 
Patterns of EEG power are functionally significant (e.g., gamma 
à language outcomes)

Some children vary from a “typical” developmental pattern
• e.g., children exposed to early psychosocial adversity, 

poverty, high levels of stress show higher power in low 
frequency bands and lower power in high frequency bands 

BUT, determining what contributes to individual variation in 
the EEG power spectrum is constrained by statistical power 
requirements 
• Associations between multiple environmental variables and 

power in multiple frequency bands 

At the same time, considering patterns ACROSS frequency 
bands (versus individual bands in isolation) might reveal 
important new insights into neurodevelopmental processes. 

Questions
CAN DATA-DRIVEN METHODS BE USED TO ISOLATE 
SUBGROUPS OF INDIVIDUALS WITH DIFFERENT EARLY EEG 
PATTERNS?

• Are subgroups functionally meaningful?

• Can subgroups be predicted by observed variables in the 
environment?

• Are subgroups predictive of meaningful outcomes? 

• Can subgroups help to identify early risk? 
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• 116 mother-infant dyads from socioeconomically diverse backgrounds 
• Maternal-report demographic variables and exposure to stress
• Baseline EEG (5 min) collected from infants at 2, 6, 9, 12, 24, and 36 months 
• Developmental assessment: 6, 12 and 24 months (Mullen Scales of Early Learning). 
• Latent class models fit to whole brain EEG power across 6 frequency bands (Delta, Theta, Low 

Alpha, High Alpha, Beta, Gamma) using Mplus software. Model fit assessed using goodness-of-
fit statistics (BIC, AIC, ENT, LMR p-value). 

• 3-step approach was taken (Asparouhov & Muthen, 2014) to a) regress profile membership on 
predictor variables, or b) compare distal outcomes across profile membership, each accounting 
for potential error in classification.

An Example…

Latent Profile Analysis (LPA)

Latent Profile Analysis (LPA) pulls apart clusters of participants who show 
similar responses across several different continuous indicators (e.g., Nylund-

Gibson & Choi, 2018). 

Patterns of EEG power across frequency bands, as opposed to each band 
individually

At 2 MONTHS two-profile 
solutions best fit both 
absolute and relative EEG 
power

Maternal stress and 
education each associated 
with unique EEG profiles at 
2 months, adjusting for 
other demographic 
variables 

were 36 (97.3%) for profile 1 and 34 (99.0%) for profile 2. Pro-
file 1 (relative high) displayed higher power than profile 2 in
high-frequency bands (ie, β and γ) but lower power than pro-
file 2 (relative low) in low-frequency bands (ie, Δ and θ)
(Figure 2).

Greater PSS scores (β = 0.13; 95% CI, 0.01-0.25; AOR, 1.14;
95% CI, 1.01-1.28) were associated with membership in the rela-
tive low profile. Increases of 1 point on the PSS were associ-
ated with 1.14 times greater odds of membership in the rela-
tive low profile, adjusting for demographic variables. The RLEQ
scores were not associated with profile membership (RLEQ:
β = −0.25; 95% CI, −0.70 to 0.20; AOR, 0.79; 95% CI, 0.50-
1.22). Neither maternal educational level (high school: β =
−0.60; 95% CI, −2.15 to 0.95; AOR, 0.55; 95% CI, 0.12-2.58; col-
lege: β = −0.59; 95% CI, −2.31 to 1.13; AOR, 0.55; 95% CI,
0.10-3.11) nor poverty level (β = −0.50; 95% CI, −5.69 to 4.69;
AOR, 0.61; 95% CI, 0.00-109.30) were associated with profile
membership. Infant age was positively associated with mem-
bership in the relative low profile (β = 2.38; 95% CI,
0.36-4.40; AOR, 10.80; 95% CI, 1.44-81.35).

Maternal Sensitivity Scores
To test whether maternal perceived stress remained associ-
ated with infant EEG findings in the context of exposure to
stressful life events, standardized residual scores were cre-
ated by regressing PSS on RLEQ scores. Higher residuals re-
flected mothers who reported greater perceptions of stress than
predicted based on reported exposure to stressful life events.
These maternal sensitivity scores may reflect higher sensitiv-
ity to stressors as opposed to acute expected increases attrib-
utable to isolated stressful exposures. All EEG outcomes were
regressed on maternal sensitivity, and in line with patterns ob-
served with PSS scores, every point increase in maternal sen-
sitivity was associated with a small to moderate reduction in
absolute β and γ power and 2.92 times greater odds of mem-
bership in the relative low profile, adjusting for demographic
variables (eTables 6-8 in the Supplement).

Association With Sex
Because responses to stress have been found to differ based
on sex, all significant associations between maternal stress and
infant EEG findings were explored. No associations with sex
were observed for these outcomes (eTables 9-12 in the
Supplement).

Discussion
High levels of maternal perceived stress during early infancy
have been correlated with neural development in ways that
prior research has suggested might influence learning, behav-
ior, and health.2,5,6,30 Our results suggest that infants whose
mothers reported higher levels of perceived stress during the
early postnatal period had lower high-frequency spectral power
than infants whose mothers reported lower levels of per-
ceived stress. This pattern was evident in both traditional re-
gression analyses and LPA, whereby a unique spectral profile
was associated with higher maternal perceived stress and sen-
sitivity scores. Higher maternal educational level was associ-
ated with increased spectral power across multiple fre-
quency bands. Together, these patterns suggest that (1) stress-
based alterations to neurophysiologic maturation represent a
pathway by which early adversity affects early child develop-
ment, (2) EEG patterns might indicate risk of atypical devel-
opmental trajectories correlated with early exposure to care-
giver stress, and (3) protective factors, such as maternal
educational level, may mitigate effects of early adverse
factors.

The correlation of high-frequency power with caregiver
stress is consistent with prior studies11,14,15,31 of children at high
risk for stress exposure. Reduced baseline γ power,14,15 some-
times with concomitantly elevated low-frequency power,11 oc-
curs from 6 months of age in infants reared in low compared
with high socioeconomic environments and in infants ex-
posed to extreme psychosocial deprivation through
institutionalization.14,31 Evidence suggests that altered pat-
terns can persist into childhood.15 Although the association of
caregiver or infant stress with EEG power in those studies was
not explicitly tested, the present results suggest that, by 2

Figure 2. Latent Profile Analysis
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Latent profile analysis identified 2 unique electroencephalography (EEG)–based
profiles from infant log10-transformed absolute EEG power (A) and relative EEG
power (B).
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Maternal 
perceived 
stress
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At 12 MONTHS a two-profile 
solutions best fit absolute EEG 
power. A two-profile solution 
also emerged for Gamma power 
across the first year (2 – 12 
months)

Trend level associations were 
observed between profiles and 
developmental outcomes. 
Profiles with higher power were 
associated with higher scores on 
Mullen subscales

Environmental variables as predictors of latent profiles AND latent profiles as predictors of distal outcomes 

Useful in many contexts, for example LPA has been used to identify neural predictors of symptom expression in ADHD (Loo 

et al., 2018). Latent profiles of behavioural adversity measures have also been used to predict physiological outcomes (e.g.
inflammatory response; Lacey et al., 2020).

Sample size considerations: typically, N = 300+ though as few as 30 is possible if profiles are well separated. One risk of 
smaller samples is missing true classes.

Conclusions
Latent profile analysis (LPA) may be used to extract functionally meaningful subgroups of participants  

Can identify predictors of profiles as well as whether profile membership predicts later outcomes – potentially a powerful 
tool for identifying risk

Applications for both cross-sectional and longitudinal data, as well as clinical and non-clinical populations

Potential to include other variables (e.g., other physiological markers and/or behavioural indicators) as part of profile 
identification
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ity to stressors as opposed to acute expected increases attrib-
utable to isolated stressful exposures. All EEG outcomes were
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sitivity was associated with a small to moderate reduction in
absolute β and γ power and 2.92 times greater odds of mem-
bership in the relative low profile, adjusting for demographic
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Because responses to stress have been found to differ based
on sex, all significant associations between maternal stress and
infant EEG findings were explored. No associations with sex
were observed for these outcomes (eTables 9-12 in the
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have been correlated with neural development in ways that
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mothers reported higher levels of perceived stress during the
early postnatal period had lower high-frequency spectral power
than infants whose mothers reported lower levels of per-
ceived stress. This pattern was evident in both traditional re-
gression analyses and LPA, whereby a unique spectral profile
was associated with higher maternal perceived stress and sen-
sitivity scores. Higher maternal educational level was associ-
ated with increased spectral power across multiple fre-
quency bands. Together, these patterns suggest that (1) stress-
based alterations to neurophysiologic maturation represent a
pathway by which early adversity affects early child develop-
ment, (2) EEG patterns might indicate risk of atypical devel-
opmental trajectories correlated with early exposure to care-
giver stress, and (3) protective factors, such as maternal
educational level, may mitigate effects of early adverse
factors.

The correlation of high-frequency power with caregiver
stress is consistent with prior studies11,14,15,31 of children at high
risk for stress exposure. Reduced baseline γ power,14,15 some-
times with concomitantly elevated low-frequency power,11 oc-
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Latent profile analysis identified 2 unique electroencephalography (EEG)–based
profiles from infant log10-transformed absolute EEG power (A) and relative EEG
power (B).
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