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BACKGROUND: The aim of this study was to identify distinct trajectories of BMI growth from 2 to 7.5 years and examine their
associations with markers of cardiometabolic risk at age 7.5 years among a sample of low-income Mexican American children.
METHODS: This longitudinal cohort study recruited 322 mother–child dyads to participate prenatally and at child age 2, 3, 4.5, 6,
and 7.5 years. Child height/weight, waist circumference, and blood pressure were assessed at each time point. Blood was collected
from child at 7.5 years.
RESULTS: Covarying for birthweight, three BMI trajectories were identified: Low-Stable BMI (73% of the sample), High-Stable BMI
(5.6% of the sample), and Increasing BMI over time (21.4% of the sample). The High-Stable and Increasing BMI classes had higher
waist circumference and systolic blood pressure and lower HDL-c than the Low-Stable BMI class (ps < 0.05). Among children with
BMIs below the 85th percentile, 16% had three or more cardiometabolic risk indicators.
CONCLUSIONS: BMI classes were consistent with existing literature. For youth, standard medical practice is to examine
cardiometabolic risk indicators when BMI is high; however, this practice would miss 16% of youth in our sample who exhibit
cardiometabolic risk but do not screen in based on BMI.

Pediatric Research; https://doi.org/10.1038/s41390-022-02250-1

IMPACT:

● Research indicates Mexican American youth are at risk for cardiometabolic dysregulation relative to other ethnic groups, yet
there is a paucity of longitudinal research.

● An Increasing BMI and a High-Stable BMI class were associated with larger waist circumference, higher systolic blood pressure,
and lower HDL cholesterol than the Low-Stable BMI class.

● BMI trajectories in childhood predict cardiometabolic risk indicators. As the sole screener for deciding when to test
cardiometabolic indicators, BMI alone will miss some children exhibiting cardiometabolic dysregulation.

INTRODUCTION
Cardiometabolic diseases are one of the leading causes of death in
the world,1 with common risk factors including excess weight in
the abdomen, high triglyceride levels, low high-density lipoprotein
cholesterol (HDL-c) levels, high blood pressure, and insulin
resistance.2 In a national epidemiological study of adolescents
12–19 years of age, Hispanic youth had the highest prevalence
of cardiometabolic risk (11.2%) relative to other racial and ethnic
groups, with large waist circumference (WC), high fasting
triglycerides, high glucose concentrations, and low HDL-c as
salient risk factors.3 Further, in a study of Mexican American
children from ages 6 to 18 years with a family history of type 2
diabetes, 31.8% had large WC, 31.9% had low HDL-c, 13.8% had
hypertriglyceridemia, 24.9% had hyperinsulinemia, 13.2% had
glucose intolerance, 11.9% had elevated blood pressure, with
18.7% of the sample having 3 or more of the risk indicators.4

Higher rates are found in studies with overweight Hispanic youth,
with the prevalence of having 3 or more cardiometabolic risk
indicators ranging from 27 to 30%.4–6 Higher rates of prediabetes

and elevated blood pressure have been found in Hispanic boys
relative to girls.7 Even Hispanic children as young as 4–6 years
old are found with cardiometabolic risk indicators.4,5 Elevated
cardiometabolic risk indicators in childhood can persist into
adulthood, contribute to the development of type 2 diabetes and
cardiovascular disease, and are associated with negative health,
economic, and quality of life consequences.8–10 Early detection
and prevention is critical, but to accomplish this, “ethnicity-
inclusive studies on risk identification” are needed.11

Researchers have examined body mass index (BMI) trajectories
as predictors of cardiometabolic risk indicators in youth, but a
paucity of research exists with Mexican American children.
Among youth broadly, BMI trajectories from 0 to 2 years,12,13 0
to 5 years,14,15 0 to 11 years,16 2 to 11 years,17 4 to 18 years,18 and
6 to 18 years19 are associated with cardiometabolic risk indicators
in early childhood (i.e., 3 to 5 years),13–15 adolescence,12,16,17 and
young adulthood.18,19 Collectively, BMI trajectories that are
high and stable13,15,17,18 and/or increasing at relatively higher
rates than others13–15,19 are associated with cardiometabolic risk
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indicators. However, not all studies assess the same cardiometa-
bolic risk indicators. Specifically, BMI trajectories in childhood
have been associated with triglycerides,18 WC,12,14,15 sum of
skinfold measurements12,13,16 in childhood and adolescence, and
fasting glucose,16 blood pressure,16 and insulin resistance12,16 in
adolescence.
There is no accepted or validated definition of cardiometabolic

risk in youth11,20 and a current limitation of the existing literature
is that different studies use different definitions, cutoffs, and risk
indicators.20 Despite this limitation, research on youth collectively
finds associations between BMI trajectory and cardiometabolic risk
indicators more often than not. Given the lack of research with
Mexican American children, the purpose of the current study was
to track BMI trajectories from 2 to 7.5 years and examine their
associations with cardiometabolic risk indicators at 7.5 years in a
sample of low-income Mexican American children. It was
hypothesized that BMI trajectory classes would be differentially
predictive of cardiometabolic risk indicators. Although it was
unknown what BMI trajectory classes would emerge a priori, it was
hypothesized to be consistent with the existing literature such
that those with steeper slopes in BMI trajectories (i.e., more
growth over time) or those with stable high BMI trajectories would
exhibit elevated cardiometabolic risk indicators.

METHOD
Study design and participants
We used data from a longitudinal cohort study conducted in the
southwestern United States between 2010 and 2020. Pregnant women
were recruited from local community prenatal clinics that serve low-
income families. Eligibility criteria included (1) low-income status (e.g.,
family income <$25,000), (2) age 18 or older, (3) Spanish or English fluency,
(4) self-identification as Mexican or Mexican American, (5) singleton
delivery, and (6) no prenatal evidence of an infant health or developmental
problem. This study was approved by the Institutional Review Boards of
Arizona State University and the Maricopa Integrated Health System and
was compliant with all ethics requirements.
A total of 322 Mexican American mother-child dyads participated in the

study. The current study uses child BMI data collected at 2, 3, 4.5, 6, and 7.5
years of age. Mothers provided written informed consent prior to
participation, and children provided verbal assent at the 7.5-year
timepoint. Medical records at the hospital of birth were obtained for child
birth weight. Child height and weight, waist circumference, and blood
pressure were assessed in the lab by trained staff at each timepoint. Blood
was collected from children and analyzed for total cholesterol (TC), HDL-c,
and hemoglobin A1c (HbA1c) at the 7.5-year timepoint.

MEASURES
zBMI
Child height and weight were obtained by a trained research
assistant at each timepoint using standardized protocols from
National Health and Nutrition Examination Survey.21 Child
standing height was measured using a wall-mounted stadiometer.
Child weight was measured using a calibrated precision Tanita
digital scale (SC-331S, Tanita Corporation of American, Inc). BMI
was calculated by dividing weight in kilograms by height in
meters squared. zBMI were determined using the World Health
Organization (WHO) growth standards for age and biological
sex,22 and associated software.22 The program flags and sets to
missing any WLZ% and BMIz% scores considered “biologically
implausible,” based on a z-score <−5.0 or >5.0.

Cardiometabolic risk indicators
The cardiometabolic risk indicators included WC, systolic and
diastolic blood pressure, HbA1c, HDL-c, and TC. WC was measured
in a standing position with feet together using a non-stretchable
measuring tape around the waist at the midaxillary line and
uppermost lateral border of the ilium and recorded to the nearest
0.1 cm by trained research assistants (consistent with National

Health and Nutrition Examination Survey standardized protocol).23

Age- and sex-based WC percentiles were calculated from estab-
lished percentiles for Mexican American children.24 Children with
WC at the 75th percentile were considered borderline high and
those at the 90th percentile or greater as high risk. After children
relaxed for 5min, their systolic and diastolic blood pressure were
measured in a sitting position using a blood pressure device with
age-appropriate cuffs (Omron 705IT monitor). Measurements are
done in duplicate and averaged. Age-, sex-, and height-specific
systolic and diastolic blood pressure percentiles were derived
according to recommended guidelines.25 Elevated blood pressure
was defined as having systolic or diastolic blood pressure ≥90th
percentile. Capillary blood samples were obtained using a non-
fasting finger stick method with a 40 μL capillary tube, transferred
into a cassette, and analyzed by Alere Cholestech LDX machine
using Lipid Profile and GLU cassettes (Cholestech Alere Health
Hayward, CA).26 These data were used to calculate non-fasting
HbA1c, HDL-c, and TC and determine cardiometabolic risk status.
Increased cardiovascular risk was determined according to the
following criteria: HbA1c ≥ 5.7%;27 HDL-c < 40mg/dL low, 40–45
borderline low, >45 acceptable;28 TC < 170mg/dL acceptable,
170–199mg/dL borderline high, ≥200mg/dL high.28 Research
demonstrates that differences in fasting and non-fasting HDL-c
and TC are minimal and clinically negligible.29–31

Covariates
Child birth weight was obtained from medical records and
recorded in lbs and oz. Maternal BMI was collected at a laboratory
visit when children were approximately 2 years of age (pregnant
mothers were excluded).

ANALYTIC APPROACH
At the 7.5-year timepoint, we had 87% retention of the original
322 participants collected at birth. However, due to the
coronavirus disease 2019 (COVID-19) pandemic and shutdown of
in-person research, 182 participants attended the 7.5-year lab visit
in person, while the rest of the participants completed phone
interviews. Comparing those that did not participate versus those
that participated using independent samples t tests and chi-
square analyses in SPSS v26, revealed no differences with respect
to child sex, mother-reported economic hardship, maternal
country of birth, number of years in the U.S., mother’s age, level
of education, or number of other children.
A quadratic covariance pattern mixture model (CPMM) with a

class-specific heterogenous compound symmetric covariance
matrix was fit to BMI data to identify latent groups of growth
trajectories from child age 2–7.5 years. CPMMs are theoretically
aligned with the more commonly employed growth mixture
models (GMMs) and similarly allow for class-specific covariance
structures to be flexibly modeled. CPMMs are advantageous in
that they avoid within-class random effects and substantially
reduce nonconvergence issues common among GMMs that are
known to adversely affect parameter estimates, class assignment,
and class enumeration.32–34 Overall, CPMMs are considered a less
computationally complex method that outperform GMMs when
answering questions related to population mean trajectories.
CPMMs estimate the probability of class membership for

individuals based on similarities in growth trajectories. Birthweight
was centered and included as a within-class predictor of intercept
and growth parameters. Models with 1–5 classes were tested and
class enumeration was informed by the classification likelihood
criteria (CLC), with lower values indicating more parsimonious
fit.33–36 Analyses were conducted usingMplus 8.437 usingmaximum
likelihood estimation to account for missing data given that missing
values adhere to missing at random assumptions.
After determining the optimal number of BMI classes, the BCH

method38,39 was employed to examine mean level differences in
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metabolic health indicators across classes using the chi-square
test of significance. The metabolic health indicators were
entered as auxiliary variables, meaning they had no bearing
on the CPMM probabilistic classification algorithm, and listwise
deletion was used.

RESULTS
Sample demographics are presented in Table 1. A series of five
latent class models were estimated and model fit information is
depicted in Table 2. The 3-class solution (see Fig. 1) was retained
as the best fitting model based on the lowest CLC value. CLC was
considered the best for class enumeration for several reasons.
First, it includes no parsimony penalty, but does penalize for
entropy and tends to perform well with modest sample sizes.34,35

Second, the integrated classification likelihood metrics that
penalize for both parsimony and entropy tend to under-select
when relative entropy is below 0.80.34,35 Finally, the 5-class
solution provides small classes with relative entropy too low to
trust classifications.34 Class 1 had the highest most-likely class
membership (n= 235; 73%) and was characterized by low stable
BMI values across the time points assessed (linear −0.99 ± 0.09,
p= <0.001; quadratic 0.17 ± 0.02, p < 0.001). Class 2 (n= 69;
21.4%) was notable for a pronounced increase in BMI from 2 to

7.5 years (linear −0.22 ± 0.19, p= 0.26; quadratic 0.25 ± 0.04,
p < 0.001). The third class accounted for 5.6% of the sample
(n= 18) and was characterized by stable high BMI values (linear
0.13 ± 2.85, p= 96; quadratic 0.14 ± 0.37, p= 0.72). This 3-class
solution with a Low-Stable BMI, Increasing BMI, and High-Stable

Table 1. Demographic characteristics of the sample.

Variable name Min Max Mean SD % n

Mother’s age (years) 18 42 27.79 6.48 322

Mother’s education (years) 0 18 10.14 3.21 322

Mother’s country of birth

United States 14 44

Mexico 86 278

Child sex

Male 45.7 145

Female 54.3 172

Child gestational age (weeks)a 36 42 39.37 1.20 322

Marital status

Married 30 96

Living with partner 45 147

Never married 15 49

Number of other biological children 0 9 1.98 1.68 320

Estimated total income

≤$5000 13.7 44

$5001–10,000 18.9 61

$10,001–15,000 27.0 87

$15,001–20,000 11.5 37

$20,001–25,000 12.4 40

≥$25,001 13.9 45

N= 322; “Living with partner” refers to mothers who are not married but living with a partner.
aThere were 9 children born premature at 36 weeks.

Table 2. Model fit for 1–5-class models (N= 322).

Measure 1 Class 2 Classes 3 Classes 4 Classes 5 Classes

Loglikelihood −3463.45 −3277.16 −3243.62 −3214.27 −3183.94

Relative entropy — 0.72 0.76 0.65 0.68

CLC — 6679 6657 6741 6700

CLC Classification likelihood criteria. Lower CLC values indicate better fit. Class 1—Low-Stable BMI; Class 2—Increasing BMI, Class 3—High-Stable BMI.
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Class 1 (n = 235)
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Fig. 1 Three-class solution for BMI trajectories from age 2 to 7.5
years. Note: Class 1 indicates the Low-Stable BMI, class 2 indicates
Increasing BMI, and class 3 indicates High-Stable BMI over time.
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BMI is consistent with the existing literature.40 Birthweight was
not a significant predictor of intercept and growth parameters
in classes 1 or 3, but positively predicted the linear growth
(p= 0.015) and negative quadratic growth (p= 0.05) in class 2.
A chi-square test of significance revealed no significant differences
between classes in maternal BMI (p= 0.099) and no significant
pairwise comparisons.
As Table 3 displays, there were significant differences between

the classes on WC and HDL-c, such that both the Increasing BMI
Class 2 and High-Stable BMI Class 3 had higher scores on WC, and
lower scores on HDL-c than the Low-Stable BMI Class 1. The
Increasing BMI Class 2 had higher systolic and diastolic blood
pressure than the Low Stable BMI Class 1. Systolic blood pressure
was higher in the High-Stable BMI Class 3 relative to the Low-
Stable BMI Class 1. The number of children in each class that were
classified as at risk for each cardiometabolic health indicator is
reported in Table 4. Notably, although there were 95 children with
a BMI below the 85th percentile at 7.5 years, 23 were classified as
borderline high risk and 6 high risk for unhealthy WC, 14 had
systolic and 5 had diastolic BP in the high range, 6 had HDL-c in
the borderline high and 8 in the high risk, and 15 had borderline
high and 4 high risk for TC. There were 16% of children with three
or more cardiometabolic risk indicators whose BMI was below the
85th percentile. Thus, there are children in the normal weight
range that nonetheless exhibit elevated cardiometabolic risk.

DISCUSSION
Consistent with the existing literature,40 three latent classes of
BMI trajectories emerged consisting of High-Stable BMI, Increas-
ing BMI, and Low-Stable BMI among a sample of low-income
Mexican American children. The three classes were differentially
associated with cardiometabolic risk indicators at 7.5 years of
age, such that High-Stable BMI and Increasing BMI Classes had
lower HDL-c, higher WC, and higher systolic blood pressure than
the Low- Stable BMI Class. Our results are consistent with
existing cross-sectional research on Mexican American youth,
demonstrating an association between BMI and WC, low HDL-C,
and blood pressure.3–6 In addition, our findings are consistent
with longitudinal research demonstrating an association
between BMI trajectories and cardiometabolic risk indicators
among non-Mexican American samples.13–15,17,19 There were no
BMI class differences on HbA1c levels; this may be due to the
low number of children in the sample with an HbA1c at or above
5.7 (n= 7 children). Overall, findings suggest that children as
young as 7.5 years begin to show cardiometabolic dysregulation.
Physical growth in childhood is associated with health and

wellness throughout the lifespan. The American Academy of
Pediatrics currently recommends annual assessment of BMI for all

children, using change in BMI to identify rate of excessive weight
gain relative to linear growth, and for those at risk, to monitor
chronic health conditions such as hypertension or glucose
intolerance. Although our data suggest BMI trajectories predict
cardiometabolic risk in Mexican American children, it is note-
worthy that approximately 31% of our sample had elevated WC,
and 20% had elevated TC but were of normal weight. Further, 16%
of children within the normal weight range had three or more
cardiometabolic risk indicators. This finding suggests that the use
of BMI alone as a screener may miss a critical subgroup of youth
displaying cardiometabolic risk factors. Previous research has
found associations with WC and cardiometabolic risk indicators,

Table 3. Compared equality tests of means of metabolic health indicators among the 3-class solution.

M (SD) WC TC HDL HbA1c SBP DBP

Class 1 (n= 235) 58.45 (0.93) 156.30 (4.52) 58.34 (1.67) 5.23 (0.03) 98.50 (0.90) 57.33 (0.33)

Class 2 (n= 69) 78.92 (1.50) 158.96 (6.19) 45.34 (2.32) 5.18 (0.05) 110.57 (1.64) 63.50 (1.28)

Class 3 (n= 18) 73.87 (4.28) 122.27 (16.96) 48.72 (4.37) 5.46 (0.21) 109.43 (4.00) 61.37 (2.32)

χ2 test of significance

Overall 121.65 4.13 17.58 1.88 36.45 13.97

1 vs 2 116.41 0.09 16.35 0.59 32.77 13.13

1 vs 3 12.26 3.71 4.23 1.14 7.01 2.70

2 vs 3 1.21 4.02 0.45 1.63 0.07 0.63

Bold values are significant at p < 0.05. Class 1—Low-Stable BMI; Class 2—Increasing BMI, Class 3–High-Stable BMI.
WC waist circumference (cm), TC total cholesterol (mg/dL), HDL high-density lipoprotein (mg/dL), HbA1c hemoglobin A1c (%), SBP systolic blood pressure
(mmHg), DBP diastolic blood pressure (mmHg).

Table 4. Percentage of children at risk for each cardiometabolic health
indicator across the 3-class solution at 7.5 years.

Cardiometabolic health
indicator

Class 1 Class 2 Class 3

BMI (n= 175)

85th–94th 18.9% 16.7% 0.0%

95th+ 5.1% 79.3% 60.0%

WC (n= 182)

75th 30.9% 10.2% 10.0%

90th+ 13.0% 83.7% 60.0%

SBP (n= 181)

90th+ 16.5% 52.0% 60.0%

DBP (n= 180)

90th+ 4.1% 16.3% 20.0%

HbA1c (n= 164)

≥5.7 5.4% 0.0% 11.1%

HDL (n= 157)

<40 9.6% 36.4% 22.2%

TC (n= 160)

170–199 23.4% 20.5% 22.2%

≥200 6.5% 13.6% 11.1%

Data represent the number of children in each class at borderline high risk
or at high risk for each cardiometabolic health indicator. Due to the
pandemic, 182 children completed the 7.5 years lab visit, consisting of 122
children in class 1—Low-Stable BMI, 50 children in class 2—Increasing BMI,
and 10 children in class 3—High-Stable BMI. BMI in 85th–94th is
considered overweight; 95th+ obese.
BMI body mass index, WC waist circumference, TC total cholesterol, HDL
high-density lipoprotein, HbA1c hemoglobin A1c, SBP systolic blood
pressure, DBP diastolic blood pressure.
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future research should examine if WC trajectories alone or in
combination with BMI better screen for cardiometabolic risk
indicators among Mexican American children.
Several considerations are relevant to interpretation of the

current findings. First, COVID-19 restrictions limited our ability to
collect cardiometabolic data on the full sample of children at 7.5
years. Given the uniqueness of the current sample, our results
may not generalize to higher SES, non-Mexican American
populations. The current study’s analytic approach (CPMMs) may
be better suited to answer questions relevant to population mean
trajectories, relative to traditional growth mixture modeling
approaches. At the 7.5 years of age, there were overweight/obese
children in each class due to their weight trajectory over time. For
example, children in the Increasing BMI Class 2 had the highest
weight increase over time (i.e., slope) from age 2 to 7.5 years with
some children classifying as obese by 7.5 years (see Table 4).
In contrast, the Low-Stable BMI Class 1 consisted of children
who slightly decreased weight at 4.5 and then increased weight
by 7.5 years, with 5% classifying as obese at 7.5 years. Thus, the
labels for the classes are not perfect descriptors of all the
individuals in the class.
The current study extends our understanding of childhood

BMI trajectories and subsequent cardiometabolic risk to a
sample of low-income, Mexican American children, an under-
studied population at elevated risk for cardiometabolic dysre-
gulation. Given the lack of research on Mexican American youth,
the results will benefit from replication. Additional culturally-
informed longitudinal research that examines predictors and
moderators of BMI trajectories and cardiometabolic health
among Mexican American youth is needed. Equally important
is the examination of youth who, despite being in a high-risk
environment for obesity, maintain a healthy weight. Finally,
research is needed to identify the socio-cultural-environmental
factors that contribute to healthy weight development despite a
high-risk environment.

DATA AVAILABILITY
Data can be made available upon request and subject to Institutional Review Board
approval.
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