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Abstract

Background: Group‐based trajectory modeling has been applied to identify distinct

trajectories of growth across the life course. Objectives of this study were to

describe the methodological approaches for group‐based modeling of growth across

the life course and to summarize outcomes across studies.

Methods: A scoping review with a systematic search of Medline, EMBASE, CINAL,

and Web of Science was conducted. Studies that used a group‐based procedure to

identify trajectories on any statistical software were included. Data were extracted

on trajectory methodology, measures of growth, and association with outcomes.

Results: A total of 59 studies were included, and most were published from 2013 to

2020. Body mass index was the most common measure of growth (n ¼ 43). The

median number of identified trajectories was 4 (range: 2–9). PROC TRAJ in SAS was

used by 33 studies, other procedures used include TRAJ in STATA, lcmm in R, and

Mplus. Most studies evaluated associations between growth trajectories and

chronic disease outcomes (n ¼ 22).

Conclusions: Group‐based trajectory modeling of growth in adults is emerging in

epidemiologic research, with four distinct trajectories observed somewhat consis-

tently from all studies. Understanding life course growth trajectories may provide

further insight for population health interventions.
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1 | BACKGROUND

The prevalence of obesity has nearly tripled globally over the past 40

years.1 Specifically, in children, 18.5% are considered to have obesity,

which is concerning as this may impact health‐related outcomes,

including obesity, later in life.2 It is important to understand the life

course patterns or trajectories of obesity as these may differentially

impact health related outcomes.3 It is common for researchers to

measure obesity at a single time‐point; however, a single time‐point
may not adequately represent disease risk and etiology and does not

address the potential heterogeneity of growth patterns across the

life course.4 Within populations, heterogeneous patterns of body

mass index (BMI) or body size over the life course exist. Identifying

homogeneous groups that have followed similar trajectories can

provide important insight for both treatment and prevention and for

understanding disease risk.5 Specific groups of people that share
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similarities in growth patterns may be differentially at risk for

development of chronic diseases later in life.

Several approaches can be used to measure growth over the life

course. Characterization of growth can be done using growth curves

that assess individual change over time, or through group‐based
methods, which identify groups of individuals who share underlying

characteristics.6,7 The use of group‐based procedures to categorize

patterns of growth is an emerging method in epidemiology; however,

the methods associated with generating group‐based trajectories

vary. Two common methods include latent class growth analysis or

growth mixture modeling which are finite mixture modeling ap-

proaches that identify groups of individuals who share underlying

characteristics.8 The advantages of using group‐based procedures to

understand growth over the life course are the potential identifica-

tion of sensitive or critical periods of exposure. There are periods of

accelerated growth in childhood and the incidence and remission of

obesity changes with age.9 Understanding the impact of accumula-

tion of risk or change in risk of obesity across the life course may help

to better understand the risk of disease various chronic diseases.7

A previous systematic review of group‐based trajectory

modeling for BMI trajectories only in childhood, starting at birth,

found that most studies identified three or four distinct trajectories;

however, there were several inconsistencies in terms of methodol-

ogies used to identify trajectories.10 A limitation of the previous

review is that it only included studies that had a measure of growth

at birth and only those that used BMI as the anthropometric mea-

sure. There have been no reviews that included measures of growth

for adults over the age of 18. Thus, the primary objective of this study

is to review the methodological approaches and results of group‐
based modeling studies of growth across the life course. A secondary

objective is to describe the outcomes associated with growth

trajectories.

2 | METHODS

2.1 | Study design

A systematic scoping review was conducted. This protocol review

was registered with PROSPERO (CRD‐42019129356). The preferred

reporting items for systematic reviews and meta‐analyses extension
for scoping reviews guidelines were followed for the reporting of this

study.

2.2 | Eligibility criteria

Studies were included if a group‐based approach to construct tra-

jectories of anthropometric measures were used. Inclusion criteria

were that all studies had at least three repeated anthropometric

measures taken over a period of at least 1 year, and at least 1

measure had to be recorded while the participant was >18 years of

age. According to Medical Subject Headings11 and World Health

Organization,12 growth is defined as a gradual increase or develop-

ment in cells that results in changes in body weight or height.

Therefore, any anthropometric measures to assess growth (e.g., BMI,

height, weight, waist circumference, body size, waist‐to‐hip, and

skinfold thickness) were included. Any exposures or outcomes eval-

uated in relation to the growth trajectories were eligible for inclusion

into the review. Studies were excluded if they focused on a specific

clinical population, for example, only people with diabetes, spinal

cord injuries, or who were pregnant. Studies that looked at growth

velocity or modeled weight gain or weight loss after a medical pro-

cedure were also excluded. Any year of publication or study design

were included; however, only studies published in English and pri-

mary studies were included (abstracts and review papers were

excluded).

2.3 | Search strategy

A systematic search was conducted in August 2020 using four

databases: Medline, EMBASE, CINAL, and Web of Science. The

search strategy was developed with assistance from health research

librarians at McMaster University. Search strategies were developed

and modified for the specific criteria of each database. Search terms

fell into two categories: latent class growth modeling and anthro-

pometric measures (BMI, weight, etc.). The sample search for

EMBASE can be found in Table 1. Search strategies for the remaining

databases can be found in the Tables A1–A3. The reference lists of

included studies were reviewed to determine any further studies that

were eligible for inclusion into the study.

2.4 | Study selection

Once searches were conducted in all databases, studies were im-

ported into Covidence. Covidence is a web‐based software used to

maintain records throughout the various stages of conducting a

systematic review.13 All duplicates were identified and then removed

prior to beginning screening. Studies were screened at title and ab-

stract level, and then at full text by three independent reviewers

(Vanessa De Rubeis, Alessandra Andreacchi, Isobel Sharpe). Conflicts

at both title and abstract level and full‐text level were resolved by

the reviewers and a final decision was then made regarding inclusion

of the study.

2.5 | Data extraction

All eligible studies had data extracted by two independent abstrac-

tors (Vanessa De Rubeis, Alessandra Andreacchi, Isobel Sharpe). Any

conflicts that arose during data extraction were resolved by a third

reviewer (Vanessa De Rubeis, Alessandra Andreacchi, Isobel Sharpe).

A data extraction template on Microsoft Excel was used to organize

the information extracted from each study. Data on the general
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characteristics of the study, including the author, year of publication,

name of study, sample size, and population were extracted. Data

were also extracted on the methodology used to generate trajec-

tories, including statistical modeling methods, statistical software

used, and model fit criteria. Trajectory details were also extracted,

which included the number of trajectories, the shape of trajectories

(e.g., cubic, quadratic), names of trajectories, and proportion of peo-

ple in each trajectory. The measures of growth used to identify the

trajectories, the number of measures, and the period of life course

which the trajectories encompass were also extracted. Finally, details

regarding if the growth trajectories were considered as an exposure

or outcome were extracted, and in studies where growth trajectories

were the exposure, associations with outcomes were extracted.

3 | RESULTS

A total of 7170 studies were identified from the search and three

additional studies were identified from the reference lists of the

included studies. Six hundred and seventy‐three duplicates were

identified and removed. There were 6497 studies that were screened

at title and abstract level and 158 of these studies were screened for

eligibility at full‐text level. A total of 59 papers met the inclusion

criteria and were included in this review. A detailed description of the

screening process can be found in Figure 1.

3.1 | Description of studies

A summary of study characteristics can be found in Table 2. Of the 59

papers included in this review, 40 unique study populations were

represented. For instance, there were six studies (10%) from the

Nurses' Health Study andHealth Professionals Follow‐Up Study5,14–18

and four studies (7%) from the US National Longitudinal Survey of

Youth (NLSY).19–23 Most of the papers included North American

populations, with 28 (47%) studies from the United States, five (8%)

studies from Canada, and one study from Mexico. The remaining

studies were conducted in Asia (n ¼ 8, 14%), Australia and New

Zealand (n ¼ 3, 5%), and 14 studies (24%) were published from

European countries. Most studies were published from 2013 to 2019

(n ¼ 55). Few studies were restricted to males (n ¼ 4)24–27 or females

(n ¼ 8)14,28–34 only. Of the 47 studies that included both males and

females, 18 studies reported trajectories only stratified by sex. The

most common study design used was a cohort study (n ¼ 55), three

studies were case‐control designs27,30,35 with measures of recalled

body size from different age periods and one study was a randomized

control trial.25 Table A4 in the Appendix outlines more detailed

characteristics of the included studies.

3.2 | Growth measures used and period of life

Table 3 summarizes the growth measures and methods that were

used to identify trajectories. BMI was the most commonly used

growth measure (n ¼ 43). Two studies estimated distinct trajectories

for more than one measure of growth.26,36 Of the 43 studies that

used BMI, 27 (63%) relied on self‐report, and the remaining 16 (37%)

used directly measured height and weight by trained research as-

sistants. Eleven studies used body shape as the growth measure. To

measure body shape, studies used pictures or somatotypes, ranging

from lean to overweight, which assist in recall of past or current body

size. Two studies26,37 used measured weight (unadjusted for height)

to estimate trajectories. Body fat percentage,38 total lean mass,26

total body fat mass,26 skinfold thickness,36 and waist circumference39

were also used to estimate trajectories in one study each. One

study40 modeled percent change of BMI from the baseline measure

at 20 years of age. No studies used height only as a measure growth.

The number of growth measures used to estimate trajectories

ranged from 3 to 16, with a mean of 6.2 (SD ¼ 2.7). The mean tra-

jectory duration (time between first and last anthropometric mea-

surement) was 29.2 years (SD ¼ 17.1). 22 studies that began growth

assessment in childhood5,14,18,20,22,30–32,36,38,41–51 and extended into

adulthood. Of these 22 studies with growth trajectories beginning in

childhood, five studies20,22,38,41,51 had measures until young adult-

hood (19–23 years old), 12 studies16,30–32,36,42–50 had measures until

midadulthood (38–50 years old), and five studies5,14,17,18,46 had

measures until older adulthood (60–80 years old). The remaining

studies (n ¼ 37)15,19,21–29,33–35,37,39,40,52–72 did not include any

childhood measures, and only included measures >18 years of age.

Of these 37 studies that only reported growth measures in

TAB L E 1 EMBASE search strategy1 “Latent growth model*”.mp OR “latent class growth mixture model*”.mp OR “growth

mixture model*”.mp OR “latent growth model*”.mp OR “latent class growth analysis”.

mp OR “latent class growth analyses”.mp OR “group based trajectory model*”.mp OR

“group based trajectory analysis”.mp OR “group based trajectory analyses”.mp OR

“group based model*”.mp OR “latent growth mixture model*”.mp OR “group based

trajectory*”.mp

2 Growth/OR obesity/OR anthropometry/OR exp body mass/OR exp anthropometric

parameters/OR exp body weight/

3 1 AND 2

4 Limit 3 to (human and English language)

547
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adulthood, six studies26,61–64,70 only included measures during the

older adulthood period of life (≥60 years of age).

3.3 | Statistical approach

As described in Table 3, most studies (n ¼ 33) used the statistical

software SAS with the procedure PROC TRAJ73 to estimate trajec-

tories. Mplus was used by 11 studies and three of these stated full

information maximum likelihood (FIML) was used, two stated general

mixture modeling was used, and the others did not specify the specific

procedure in Mplus. Only four studies used the statistical software

R74 to estimate trajectories, and all fit latent class mixed models

using the extended mixed models using latent classes and latent processes

(lcmm) package.75 The final software that was used to estimate tra-

jectories was STATA, TRAJ procedure76 (n ¼ 11).

3.4 | Model fit criteria

The studies used various model fit criteria to determine the number

of trajectories that optimally fit the data. The most commonly

method was the Bayesian Information Criteria, which was used by

almost all studies (n ¼ 54). Studies also used a combination of the

Akaike's Information Criteria, Lo‐Mendell‐Rubin likelihood ratio test,

odds of correct classification, posterior probability, significance of

polynomial terms, and a priori knowledge to inform the creation of

trajectories. Only nine studies included entropy as a criterion for

model fit, with the most commonly reported cutoff of >1%. The most

common polynomial terms that were found to be significant were

quadratic and cubic polynomial terms (Table 3).

3.5 | Number and naming of identified trajectories

The number of trajectories that studies identified ranged from 2 to 9.

Most studies (56%) found the optimal number of trajectories was 4.

Fifteen studies identified five trajectories, and 11 studies identified

three trajectories to best fit the data. A sample plot illustrating a

5‐trajectory model from an included study35 can be found in Figure 2.

The names that were given to the trajectories varied greatly across

all studies; however, names were commonly generated based on

visual assessments. Most studies used terms such as “normal,”

“normative,” “low,” or “stable” to describe the trajectory defined by

F I GUR E 1 Preferred reporting items for systematic reviews and meta‐analyses flow chart
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the lowest weight/BMI throughout the life course. Other common

terms used to name trajectories include, “increasing,” “decreasing,”

“overweight,” “obese,” and “persistent”. Five studies did not name

their identified trajectories, and only referred to the trajectories by

group or class number. A detailed description of the various names

used to describe the trajectories in each study can be found in

Table 3.

The prevalence of the identified trajectories varied, for example

the “normal” or “lean stable” trajectory ranged from 14% to 91% of

the study populations. Whereas the trajectory with the lowest

prevalence was most often the highest growth trajectory, often

defined as “persistent obesity” and ranged from 0.8% to 10.5%. 26

studies identified a trajectory defined by a sharp increase in weight

throughout the life course and the prevalence of this trajectory

varied greatly, ranging from 3% to 29.2%. Only 10 studies identified a

trajectory which had a resolving pattern, meaning it began with a

higher BMI or body size in earlier life and decreased over the life

course and the prevalence ranged from 1.6% to 16%. No studies

identified a trajectory characterized by a persistent underweight

status.

3.6 | Sex differences

Of the 59 included studies, 19 studies stratified trajectories by sex

and 13 studies only included sex‐specific populations (i.e., males only

or females only). Two studies41,66 reported they stratified trajec-

tories by sex, however results were not reported since the results

were similar to crude analyses. For most studies, the names and

number of trajectories were consistent in both men and women,

however visual inspection showed slight differences. When

comparing trajectories characterized by persistent obesity, the

prevalence for males ranged from 0.8% to 16.2%, compared to the

prevalence in females, 2.2% to 14%.

TAB L E 2 Characteristics of included studies (n ¼ 59)

Characteristics N (%)

Place of publication

Australia/New Zealand 3 (5)

Asia 8 (14)

Europe 14 (24)

North America 34 (58)

Year of publication

2017–2020 33 (56)

2013–2016 22 (37)

2009–2012 4 (7)

Study design

Cohort study 55 (93)

Case‐control study 3 (5)

Randomized trial 1 (2)

Sex

Male only 4 (7)

Female only 9 (15)

Both 46 (78)

Sample size

≥10,000 16 (27)

5000–<10,000 18 (31)

≤5000 25 (42)

Software used to generate trajectories

Mplus 11 (19)

R 4 (7)

SAS 33 (56)

Stata 11 (19)

Number of trajectoriesa

2 9 (15)

3 13 (22)

4 33 (56)

5 19 (32)

>6 8 (14)

Anthropometric measure useda

Body shapeb 11 (19)

Body weight 2 (3)

Self‐reported BMI 26 (44)

Measured BMI 16 (27)

Otherc 6 (10)

Period of life

Birth to adulthood 1 (2)

Childhood to adulthood 21 (36)

T A B L E 2 (Continued)

Characteristics N (%)

Adulthood 37 (63)

Stratified trajectories

Sex stratified 19 (32)

N/A 40 (68)

Mean number of trajectories (SD) 4.2 (1.4)

Mean number of growth measures usedd (SD) 6.2 (2.7)

Abbreviation: BMI, body mass index; N/A, Not applicable; SD, Standard

deviation.
aDoes not equal to 100% since studies included trajectories for multiple

measures or stratified trajectories.
bBody shape assessed used somatotypes or body silhouettes.
cBody fat percentage, lean mass, total body fat mass, skinfold thickness,

waist circumference.
dSix studies did not provide exact number of measures used and only

reported a range, therefore were not included in mean calculation.
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3.7 | Outcome association

A description of the outcomes that were evaluated in relation to

BMI/body size trajectories can be found in Table 4. Twenty‐two

studies evaluated disease‐related outcomes including cancer, car-

diovascular disease, or diabetes. About 15% of studies (n ¼ 9) eval-

uated characteristics associated with trajectories or the association

between trajectories and weight later in life. Two studies evaluated

maternal trajectories and the association with outcomes in offspring.

The remaining trajectories evaluated associations with various out-

comes. Although it is difficult to draw conclusions regarding the as-

sociation between BMI/body size trajectories and disease‐related
outcomes due to the heterogeneity of trajectory methodology and

outcomes assessed, it appears that trajectories with persistent

obesity or trajectories defined by the highest weight throughout the

life course typically had the greatest risk of disease related outcomes.

4 | DISCUSSION

The results from this scoping review suggest that four distinct

trajectories of body size across the life course, including adulthood,

are commonly identified. This review is the first to evaluate growth

trajectories across the entire life course using different anthropo-

metric measures. The findings from this review are consistent with a

previous systematic review10 of trajectories ranging from birth to age

18 only, which found three or four distinct BMI trajectories were

most often identified. The average number of growth measures used

F I GUR E 2 5‐trajectory plot from included study

TAB L E 4 Details of outcomes

evaluated in relation to BMI/body size
trajectories (n ¼ 51) a

Outcome evaluated Number of studies References

Characteristics BMI trajectories/weight gain 9 19,20,22,37,52,53,63,64,67

Cancer 8 5,25,27,30,31,35,59,65

Cardiovascular disease 8 24,36,43,45,46,49,51,66

Diabetes 6 32,33,54,68,72

Mortality 4 16,56,61,62

Overall health outcomes 3 21,55,69

Insomnia/sleepiness 2 47,48

Childhood outcomes 2 28,29

Genetics and biomarkers 2 14,18

Other 7 34,40,42,50,60,70,71

Abbreviation: BMI, body mass index.
a Eight studies were excluded since they modeled BMI/body size trajectories as the outcome.
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to identify trajectories was 6.2, with on average 29 years between

the first and last anthropometric measures. Most studies did not

include a growth assessment during childhood, including only growth

measures ≥18 years of age. The methodologies used to identify and

estimate trajectories varied across studies in terms of model building

approaches, statistical software used, and characteristics of trajec-

tories. Future studies may consider clearly reporting the methodol-

ogies used to identify and estimate the trajectories, to allow for

transparent reporting.

Due to the heterogeneity of outcomes that were evaluated in

relation to the identified trajectories, it was not possible to conduct a

meta‐analysis. Although findings varied across studies, it was evident

that trajectories defined by the highest body weight or BMI at all

ages were most often associated with the greatest risk of disease‐
related outcomes. Many studies identified a persistent overweight

trajectory and it was generally associated with increased risk, but not

always as strongly as the trajectory characterized by persistent

obesity. Furthermore, some studies identified a progressive obesity

trajectory with lower body size or BMI in childhood or younger

adulthood that increased to overweight and obesity later in life, and

this trajectory was generally associated with an elevated risk. Only

one study identified a trajectory that had high body weight but

decreased in later years and no studies identified an underweight

trajectory; therefore, making it difficult to comment on the impact of

obesity or overweight in childhood or young adulthood as a sensitive

period. Future studies that evaluate growth across the life course and

disease related outcomes can continue to accumulate evidence

identifying sensitive or critical periods of development throughout

the life course.77 Typically, in epidemiologic research, an exposure is

assessed immediately preceding the development of disease. The use

of longitudinal data can explain variation in development throughout

the life course, and how that may in turn impact the development of

an outcome.

Most studies used the statistical approach PROC TRAJ in SAS,

with only four studies using lcmm in R. The low number of studies

that utilized the R package may have been because of the recent

development of this statistical package.75 It is the newest program,

which may explain why the least amount of studies used this soft-

ware. Although the statistical approaches and software are identi-

fying group‐based trajectories, there is limited literature directly

comparing each approach. Each program must be downloaded as an

additional package or plugin as they are not found in the base pro-

gram, except the FIML procedure in Mplus. All programs use some

form of maximum likelihood estimation, which is a general approach

for estimating parameters of a probability density function. TRAJ in

STATA was adapted from PROC TRAJ in SAS, and therefore use

similar methodologies.76 PROC TRAJ in SAS uses covariance structure

methods, whereas the lcmm package in R estimates models with a

mixture of linear mixed effects models, allowing for latent classes and

random effects to account for repeated measures on subjects.75

Although the use of group‐based trajectory modeling is a novel

approach, there are several inconsistencies in model building ap-

proaches throughout the literature. This limits the generalizability of

findings and thus limiting the ability to compare findings across

studies. A recent framework by Lennon et al.,78 outlines an 8‐step
framework which can be used by researchers to ensure group‐based
trajectory models are developed in a systematic way. Future studies

may benefit from following this framework as it may provide guid-

ance during identification of the most optimal trajectory model. In

addition, Guidelines for Reporting on Latent Trajectory Studies

(GRoLTS‐Checklist),79 which is a 16‐item checklist designed to in-

crease transparently and uniformity of presenting results in latent

trajectory studies, was also recently developed. Given that these

tools were only recently published, none of the identified studies

reported using either the framework or checklist to guide their

studies. A formal application of the GRoLTS‐Checklist was beyond

the scope of the current project and therefore was not applied.

Generally, items addressing the software used, shape and functional

forms, metric of time used, and the characteristics of the final class

solution were addressed or reported by the studies. Whereas, items

surrounding reporting of missing data, information on the distribu-

tion of the observed variables and the entropy were not frequently

reported. The gaps in reporting following the GRoLTS‐Checklist can
inform where future studies When comparing the studies that used

the same study populations, it was evident that differences did exist.

However, this may be related to differences in the objectives of the

studies leading to slightly different participants in the study.

For instance, the NLSY was used by five studies. Three of these

studies20–22 reported four trajectories, whereas the remaining two

studies reported three80 and five19 trajectories. When the use of the

GRoLTS‐Checklist, it would be immediately apparent as to why the

different number of trajectories were identified among the same

sample and would allow for an easy comparison to be made.

Strengths of this study included the large number of studies that

were identified using a systematic search to identify eligible studies.

The search strategy was developed, and health research librarians

reviewed it to ensure all relevant and necessary search terms were

included, and all potentially eligible studies were identified. The

broad inclusion of any measure of growth, in terms of BMI and body

size, did not limit the identification of any studies that used group‐
based approaches to measure growth across the life course. Most

studies relied on self‐reported BMI (44%) as the anthropometric

measure of growth, which is common in epidemiologic research when

resources are limited, and it is not possible to use objective mea-

surements to assess body weight. It has been noted that the use of

self‐report of BMI81,82 or self‐reported recall of BMI83 is a valid

measure of true BMI. When evaluating the average number of

identified trajectories among studies that used self‐reported BMI

and measured BMI separately, the average number of trajectories

remains 4 for both methods.

Using life course trajectories provides a much more compre-

hensive understanding of the impact of differential growth patterns.

Group‐based trajectory modeling is a novel approach to identify

various patterns of growth throughout the life course. The findings

from this review may inform future epidemiologic research on the

commonly used methodologies and approaches used to generate
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group‐based trajectories of growth across the life course. In addition,

the use of growth trajectories can be used to inform future public

health interventions or prevention strategies targeting subgroups

that are at a high‐risk of negative health‐related outcomes.
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