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Abstract

Objective—We examined patterns of change in adiposity across four decades starting in young 

adulthood and their relationships with midlife cardiometabolic outcomes.

Methods—BMI was assessed at average age 20, 40, 56 and 62 years in 977 male veterans from 

the Vietnam Era Twin Study of Aging. Age 62 (range 56–66) cardiometabolic outcomes included 

hypertension, diabetes, dyslipidemia, inflammation, and ischemic heart disease. Analyses included 

latent growth modeling (LGM), latent class growth modeling (LCGM), and logistic regression 

models.

Results—Linear BMI slope was associated with all outcomes. Accelerated (quadratic) BMI 

slope was significantly associated with greater risk for hypertension, diabetes, dyslipidemia, and 

inflammation; odds ratios ranged from 1.93 (diabetes) to 3.15 (dyslipidemia). Initial BMI did not 

predict later outcomes. Linear slope contributed significant unique variance for diabetes and 

dyslipidemia even controlling for age 62 BMI. LCGM revealed three trajectories. Men with the 

relatively stable, lower BMI trajectory had significantly better outcomes than those with 

trajectories with accelerated increases, especially those including obesity.
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Conclusions—How individuals reach late midlife BMI is important. Steepness of BMI change 

across 40 years from young adulthood to late midlife, in addition to late midlife BMI itself, was 

robustly associated with greater risk for poor cardiometabolic outcomes.
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Introduction

Obesity poses a serious public health concern.1, 2 It has been established as a prominent risk 

factor for cardiovascular disease (CVD), the leading cause of morbidity and mortality among 

adults in the United States (U.S.), and is linked to many detrimental cardiometabolic 

outcomes.2–6 In the Framingham Heart Study, higher adiposity at approximately age 50 

(midlife) was associated with reduced survival and 52% higher lifetime risk for CVD by age 

95; men with no cardiometabolic risk factors at midlife were highly unlikely to develop 

heart disease in late life.5

Midlife is a transitional period for men’s health with rapid increases in rates of CVD, high 

cholesterol, diabetes, and hypertension after age 50; moreover, over half of deaths due to 

CVD occur in men.7 Measured rates of body mass index (BMI), an indicator of adiposity, in 

adult men age 20 and over in the U.S. indicate that age-adjusted obesity (BMI ≥30 kg/m2) 

rose progressively from an estimated 31.6% in 1999–2002 to 35.5% in 2009–2010.8 From 

2005 to 2014, age-adjusted obesity rates appeared to stabilize in adult men.9

Longitudinal patterns of change in adiposity are understudied, in particular the period from 

young adulthood (ages 19–29) through midlife (ages 45–64). One study identified four 

longitudinal BMI trajectories from age 18 to age 49 years10; self-reports of hypertension, 

diabetes and high cholesterol were lowest in the normal BMI trajectory and highest in the 

two trajectories that included obesity. Studies of adults across shorter periods of time 

demonstrated mixed associations between change in BMI and various CVD risk 

factors.11–14 In earlier studies by our group, being overweight in young adulthood 

significantly predicted age 48 diabetes but not hypertension.14 In addition, we found 

significant shared genetic and environmental influences between adiposity and all other 

components of the metabolic syndrome (i.e., hypertension, insulin resistance, cholesterol, 

triglycerides).15 Adiposity was the only component genetically associated with all other 

components.

Objectives of this study were a) to assess change and patterns of change in adiposity from 

young adulthood to late midlife (age 62 years); and b) to examine associations between 

change in adiposity and late midlife cardiometabolic outcomes. We hypothesized that a 

steeper BMI slope over time would be associated with higher rates of diabetes, dyslipidemia, 

heart disease, hypertension, and inflammation.
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Methods

Participants were 977 men in the Vietnam Era Twin Study of Aging follow-up assessment 

[VETSA 2; mean age 61.6 years (range 56–66)] with complete data.16 The VETSA project 

is a longitudinal study of risk and protective factors for cognitive aging in a community-

dwelling sample of veterans from across the U.S..

Recruitment. In the first VETSA assessment (VETSA 1: 2002–2008) the 1237 participants 

(mean age 56 years; range 51–60) were a simple random sample from the all-male Vietnam 

Era Twin Registry (VETR).17 The VETR was established as a research registry of twins who 

had both served in the U.S. military between 1965 and 1975. VETSA 1 eligibility included: 

being 51 to 59 years old when recruited and both members of a twin pair agreeing to 

participate.18 Recruitment rate was 44%; we view this positively since the study involved 

high burden – a three days/two night commitment due to travel to University of California 

San Diego (UCSD) or Boston University (BU) for assessment, limited enrollment windows 

(due to batching), and the requirement that both brothers enroll. Ethical approval of the 

research protocol was provided by the UCSD Human Research Protection Program (HRPP) 

and the BU Charles River Campus Institutional Review Board (IRB). More details about the 

recruitment and methods are in the supplement.

The VETSA 2 follow-up occurred approximately six years after VETSA 1 (2008–2014); 

1016 men from VETSA 1 participated in the follow-up (82% retention). The most common 

single reason for attrition was death (N=56).

The VETSA participants comprise a relatively representative epidemiological sample of 

community-based men with regard to marital, work, income, and health characteristics of 

American men in their age range based on U.S. Census and Center for Disease Control data 

(CDC).19 Prevalence of self-reported chronic health problems was also generally 

comparable with CDC rates for men. VETSA participants constitute a sample with no major 

chronic childhood health problems.

Procedures

The VETR also serves as a data archive for data previously collected on the registry sample; 

those data are available to other researchers on request. This study incorporates data from 

four data collections: military induction data procured from military records by the VETR 

and a National Heart, Lung, and Blood Institute (NHLBI) funded study conducted in 199020 

(both archived at the VETR) as well as the two waves of VETSA data collection conducted 

by our research group.16

Height, weight, pulse, and blood pressure (BP) were measured objectively at military 

induction (mean age 20 years; range 17–25). Height and weight at mean age 40 years (range 

35–46) were collected with a self-report health survey mailed to all VETR twins in 1990 as 

part of an NHLBI funded study.20 Relevant military record and 1990 survey data were 

provided to VETSA researchers by the VETR.
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VETSA 1 and 2 data were collected in person at either UCSD or BU. Height, weight, pulse, 

and blood pressure (BP) were measured objectively. Blood chemistries were only obtained 

in VETSA 2.15 Participants who did not fast for at least 9 hours were excluded from 

analyses. Following written informed consent, blood was drawn by a certified phlebotomist. 

Assays were conducted at the same certified laboratory to ensure comparability (Quest 

Diagnostics/Nichols Institute, San Juan Capistrano, CA).

From here forward we refer to data collection timepoints as age 20 (or baseline), age 40, age 

56 and age 62.

Measures

BMI—Height and weight were measured at age 20; at that time the majority of men were 

not obese [2.3% (N=22) men with BMI ≥30 kg/m2].17 Age 40 height and weight were self-

reported. Self-reported height and weight are considered valid measures, but are biased 

toward underreport of weight (especially in women, overweight adults, and adults over age 

45) and overreport of height.21, 22 At ages 56 and 62, participants were weighed on a digital 

scale after removing shoes and heavy outer clothing. Height was assessed, in stocking feet, 

with a stadiometer. Self-reported height at age 40 correlated r=.94 with measured height at 

age 56; measured height at ages 56 and 62 correlated r=.96. Age 40 self-reported weight 

correlated r=.86 with weight at age 56; measured weight at ages 56 and 62 correlated r=.92.

After being transformed to metric scales, BMI was calculated as kg/m2. BMI ranges are: 

normal: 18.5 to 24.9 kg/m2; overweight: 25.0 to 29.9; level 1 obesity: 30.0 to 34.9; level 2 

obesity: 35.0 to 39.99, and level 3 obesity: 40.0 and greater.23 More details about BMI 

measurements are available elsewhere.14, 15 BMI was our only indicator of adiposity with 

data from four timepoints. From this point forward we refer to BMI at age 20 and age 62 as 

BMI20 and BMI62.

Age 62 (VETSA 2) cardiometabolic measures.

Hypertension—Age 62 BP was based on the average of four systolic (SBP) readings and 

the four diastolic (DBP) readings taken during the assessment day. In the morning and 

afternoon, after sitting quietly for five minutes, BP was taken twice with an automated blood 

pressure machine with a one-minute break between readings. Individuals with either SBP > 

140 or DBP > 90 mm hg 24, or who took anti-hypertensive medication, were classified as 

hypertensive (75.1%).

Diabetes—Fasting insulin was assayed via a sensitive electrochemiluminescent 

immunoassay (ECLIA); levels of insulin greater than 117 pmol/L were considered at risk. 

Fasting plasma glucose was assayed with spectrophotometry as part of a comprehensive 

metabolic panel; glucose levels greater than 5.54 mmol/L were considered at risk. Diabetes 

was defined as having at-risk levels of insulin or glucose, and/or taking a prescription 

medication for diabetes (51.7% at risk).

Dyslipidemia—Triglycerides and HDL-cholesterol were assayed as part of a lipid panel 

via spectrophotometry. At risk HDL-cholesterol was defined as levels < 1.03 mmol/L 
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(28.9%); at risk triglycerides was classified as > 1.68 mmol/L (31.5%). At risk overall 

cholesterol was defined as being at risk for either HDL or triglycerides or taking cholesterol-

lowering medication (72% at risk).

Inflammation—High-sensitivity C-reactive protein, a protein measured in blood that 

indicates inflammation, was assayed using nephelometry.25 At risk inflammation was 

defined as C-reactive protein > 28.5 nmol/L (27.5%).

Ischemic heart disease (IHD)—Presence/absence of IHD at age 62 (18%) was coded 

using a validated population-based index.26 Items included self-reported heart attack/

myocardial infarction, presence of angina and/or heart surgery (e.g., stent placement, 

angioplasty, coronary artery bypass). Presence of angina was operationalized as a positive 

Rose Angina score and/or a prescription for nitroglycerin.27

Covariates and demographic data. Covariates included age at VETSA 2, lifetime education, 

ethnicity (white non-Hispanic vs. other), and tobacco smoking (never N=339, past N=443, 

current N=195). The low family-of-origin socioeconomic status (SES) demographic variable 

was operationalized as the father having less than high school education, and occupation of 

unskilled or semi-skilled laborer.28

Data analysis

Latent Growth Models (LGMs). LGM analysis was used to estimate the BMI growth 

patterns/slopes across four timepoints from early adulthood to late midlife; having four 

timepoints allows the quadratic term to be tested in the model.

A two-level unconditional model (a model with only time as a covariate) was analyzed in 

order to accommodate the repeated measures nested within individuals. The age variable 

was rescaled by both centering at initial age of 20 and weighting by the time intervals.

Level 1:

Level 2: π0i=β00+ν0i

π1i=β10+ν1i

π2i=β20+ν2i

Composite:

Where BMIij and ageij represent BMI and age for individual i at jth measurement; π0i, π1i 

and π2i represent individual i’s initial BMI, linear growth rate and quadratic growth rate of 

BMI; εij is level 1 residual, represents the portion of individual i’s BMI at jth measurement 

not accounted for by the model; β00, β10 and β20 represent population average initial BMI, 
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linear growth rate and quadratic growth rate of BMI; ν0i, ν1i and ν2i are level 2 residual, 

represent deviations from the average initial BMI, linear growth rate and quadratic growth 

rate of BMI.

Latent Class Growth Model (LCGM). LCGM analysis was used to identify distinct 

subgroups with similar BMI change patterns across the four timepoints. Each latent class 

consists of specific intercept and slopes allowing linear and quadratic patterns of BMI 

change. Latent classes were identified starting with one class, then adding another, one at a 

time. The Lo-Mendell-Rubin (LMR) likelihood ratio test was used to examine the better fit 

of (k+1)-class model versus k-class model (k≥1).29 The significance of the test suggests (k

+1)-class-model fits the data better. Otherwise the k-class model fits the data better and thus 

the k class model is selected as best fitting.

LGM and LCGM analyses were performed using Mplus version 7.4.30 Twin clustering of 

the data was accounted for in all analyses. Parameters were estimated using maximum 

likelihood (ML) estimation based on probability density function of normal distribution of 

random error εij and random effect ν0i, ν1i and ν2i.

Empirical Bayes estimates of each individual's initial BMI (intercept), linear slope and 

quadratic slope were calculated and used as predictors in subsequent analyses; Type III 

results are shown in tables. All subsequent statistical analyses were performed using SAS 

version 9.4 (SAS Institute, Cary, NC). Analyses were conducted on dichotomous outcome 

measures representing risk for hypertension, diabetes, dyslipidemia, inflammation, and IHD 

at age 62. To examine associations between risk measures at age 62 and BMI intercept and 

growth rates while controlling for confounding variables, SAS PROC SURVEYREG/PROC 

SURVEYLOGISTIC was used to account for the twin clustering. Models adjusted for age, 

education, ethnicity, smoking, and twin clustering.

All p-values are 2-tailed; p-values <0.05 were considered statistically significant.

Results

Descriptive data. Participants were predominantly white non-Hispanic (90%). 

Approximately 25% came from low SES families. At age 20, participants were typically 

single (never married) with 12.3 years of education (see Table 1). By age 62, only 5% were 

single and 78% currently married. Lifetime education was 13.9 years. Mean BMI increased 

from 22.7 kg/m2 (SD 3.0) at baseline, to 25.8 (SD 3.4) at age 40, to 29.3 (SD 4.9) and 29.9 

(SD 5.2) at ages 56 and 62, respectively. At baseline, 2.3% of participants were obese; by 

age 62, 42% were obese (28.4%/8.8%/4.9% in levels 1/2/3 obesity respectively).

Latent growth model of BMI change. An unconditional LGM with fixed and random effects 

for the intercept, linear, and quadratic slopes provided the best fit to the data (Details in 

Supplemental Table S1). Fixed effect estimates were significant for the intercept (b=22.64; 

p<.0001), linear (b=3.20; p<.0001) and quadratic slopes (b=.22; p=.002), respectively, 

indicating an average BMI of 22.64 at age 20 years, with a positive linear increase of 3.2 

BMI units every two decades at the centering age of 20 years, and accelerating BMI increase 

of .22 BMI units every two decades across the age range.

Xian et al. Page 6

Obesity (Silver Spring). Author manuscript; available in PMC 2018 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Individual level intercepts and slopes were used to estimate risk for cardiometabolic 

outcomes at age 62. In models adjusting for age, education, ethnicity, smoking, and twin 

clustering, BMI linear and quadratic slopes were both significantly associated with risk for 

hypertension, diabetes, dyslipidemia, and inflammation (Table 2). The significant positive 

quadratic effect indicates that an accelerated increase in BMI was associated with poorer 

outcomes. Where both linear and quadratic slopes were significantly associated with 

outcomes, odds ratios ranged from 1.25 (inflammation) to 1.34 (diabetes) for the linear 

slope, and from 1.93 (diabetes) to 3.15 (dyslipidemia) for the quadratic slope. Prevalence of 

IHD was associated with linear, but not quadratic, BMI slope. As indicated by the odds 

ratios for intercept, BMI20 did not predict any age 62 outcomes. Current and past smokers 

were at higher risk for IHD; odds ratios for current smoking and inflammation were also 

significant. No other covariates were significantly associated with the cardiometabolic 

outcomes.

Because individuals with a steeper slope would tend to have higher BMI62, it could be that 

it is only useful to know BMI62 and not rate of change over time. To address this question, 

we first examined cross-sectional associations between BMI62 and outcomes. Cross-

sectional associations between BMI62 and cardiometabolic outcomes were all significant 

(Table 3).

We then examined the effect of the LGM-derived slope variables and BMI62 when both 

variables were in the same model. For those models, we re-centered the LGM analyses at 

age 62. By examining Type III effects, these models allowed us to test whether slope was 

uniquely associated with outcomes over and above BMI62 (Table 4). There were significant 

odds ratios for linear slope for diabetes (OR=1.29) and dyslipidemia (OR=1.42). Odds ratios 

for BMI62 were all close to 1.00 and nonsignificant. Smoking was the only other variable 

that was a significant unique predictor; the odds ratio was 2.96 for inflammation and 2.79 

for IHD for current versus never smokers, and 2.83 for IHD for former versus never 

smokers. There were no significant odds ratios for either slope measure or BMI62 for 

hypertension, inflammation, and IHD. However, it seems likely this lack of significance is 

due to collinearity rather than the fact that these measures are not predictive (see 

Discussion).

Latent class growth models and heterogeneity of change. LCGMs were tested to determine 

the number of distinct latent classes best representing the longitudinal BMI data. Using the 

LMR test as the index of model fit, the best fitting model identified three BMI trajectory 

classes/trajectories (Fig. 1 and Table 5). Terms for intercept, linear and quadratic slope for 

trajectories 2 and 3 were significant, but for trajectory 1 only the intercept and linear terms 

were significant.

As can be seen in Fig. 1, trajectory 1 (N=490, 50%) had the lowest BMI at all time points; 

baseline BMI was 21.26 kg/m2 (SD 2.1), rising to 26.1 (SD 5.2) by age 62. Trajectory 2 

(N=400; 41%) baseline BMI was in normal range (23.6, SD 2.7) rising to level 1 obesity 

(mean BMI 32.1, SD 2.5) by age 62. Trajectory 3 (N=87; 9%) was overweight at baseline 

(mean BMI 26.3, SD 3.5), increased to level 1 obesity by age 40, and level 3 obesity by age 
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62 (mean BMI 41.0, SD 4.2). Significant quadratic terms for trajectories 2 and 3 indicate 

accelerating BMI over time.

Odds ratios for the rates of cardiometabolic outcomes associated with the three BMI 

trajectories are shown in Table 6. Compared with trajectory 1, trajectory 2 had significantly 

greater risk for hypertension, diabetes, dyslipidemia, and high inflammation, but not IHD; 

odds ratios ranged from 1.81 (diabetes) to 2.31 (hypertension). Trajectory 3, compared with 

trajectory 1, had significantly higher risks for all outcomes; odds ratios ranged from 1.86 

(IHD) to 8.08 (hypertension). Trajectory 3, compared with trajectory 2, had significantly 

greater risk for hypertension (OR=3.49), diabetes (OR=1.69), and inflammation (OR=2.29) 

but not dyslipidemia or IHD. After applying the false discovery rate (FDR) adjustment,31 all 

comparisons remained significant except for the odds ratio of IHD (Trajectory 1 vs 3). 

Descriptive data for the trajectories are in supplemental Tables S2 and S3.

Discussion

Across four decades, men with accelerated increases in BMI were at significantly higher risk 

for hypertension, diabetes, dyslipidemia, and inflammation at age 62, regardless of young 

adult BMI. Latent class growth curve analyses identified three latent classes representing 

BMI trajectories. Comparisons of the three trajectories revealed health benefits for 

participants who maintained BMI at lower and relatively stable levels. Trajectory 1, with an 

average change of 5 kg/m2 across four decades, had the lowest levels of cardiometabolic 

risks. Trajectory 3, with three out of four timepoints at obese levels and an average change 

of 15 kg/m2 had significantly higher risk for all outcomes except IHD compared with other 

trajectories. However even moderate increases in BMI as shown by trajectory 2 (average 

change of 9 kg/m2) put participants at higher risk. In the Framingham Heart Study, men with 

no cardiometabolic risk factors at midlife were highly unlikely to develop heart disease and 

had better survival in late life5. Maintaining BMI close to normal range may be one path 

contributing to lower cardiometabolic risks. Higher BMI, but also more rapidly increasing 

BMI, appear to reflect increased cardiometabolic risks.

In models that simultaneously included slopes and BMI62 (Table 4), linear slope had unique 

predictive value for diabetes and dyslipidemia after accounting for BMI62, indicating that 

rate of change (i.e., how one got to BMI62) and not just where one ended up makes a 

difference with respect to these outcomes. Slope measures had significant odds ratios for all 

outcomes in LGMs with slope and BMI20 (Table 2); there were significant odds ratios for 

BMI62 for all cardiometabolic outcomes in cross-sectional analyses (Table 3), and trajectory 

comparisons showed significant odds ratios for cardiometabolic outcomes (Table 6). As 

such, we think the most parsimonious explanation is that results including BMI62 as an 

intercept are due to collinearity rather than the fact that the slope measures or BMI62 are not 

predictive of hypertension, inflammation or IHD.

These results have potential implications for later life cognitive and brain health. Obesity 

and metabolic dysregulation appear to be related to Alzheimer’s disease pathophysiology; 

being overweight or obese in midlife appears to be detrimental for late-life cognition, brain 

structure, and brain function.32 In the Whitehall II study of midlife adults through average 
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age 61, higher BMI was associated with poorer cognition; age 61 cognitive effects were 

stronger for those who were obese at two of three timepoints.33 Shared genetic factors are 

also implicated in the association between BMI and cognitive function.34, 35 For instance, in 

a genome-wide association study meta-analysis, the most strongly enriched gene sets for 

BMI and obesity involved critical brain pathways regulating appetite, insulin synthesis and 

processing, and energy metabolism in the hypothalamus and pituitary as well as synaptic 

plasticity and cellular mechanisms mediating learning and memory in the hippocampus.35 

Finally, adults ages 50–75 self-reporting larger weight gain in adulthood had significantly 

shorter telomeres, a potential biomarker for aging.36

A limitation of our study is that height and weight were self-reported at age 40 which may 

influence growth curves.21, 22 On the other hand, having objectively measured BMI at three 

of the four timepoints is a strength. Waist circumference is sometimes considered a better 

indicator of adiposity than BMI; however, we had only two timepoints with waist 

circumference measures, thus not allowing for growth curve analyses.37 Moreover, BMI and 

waist circumference were correlated .90 and cross-sectional results at age 62 (not shown) 

were virtually the same. The sample is primarily non-Hispanic white male veterans, so 

generalizability to women and other groups is unclear; recent longitudinal studies find some 

sex differences in associations with BMI.38 It is a strength that VETSA comprises a national 

sample of male veterans, but their military service meant that they were healthy at baseline. 

Despite initial selection for good health, sample demographics and health statistics 

paralleled CDC and census statistics for U.S. men. In addition, veterans are an often 

overlooked cohort of adults.39 Given that this is a twin sample, there may be greater 

homogeneity than would be expected in a nontwin study. Finally, we do not address genetic 

and environmental influences on BMI change, which may contribute to differential 

vulnerability; BMI is highly heritable and different genes may affect BMI at different 

ages.14, 40

Despite these limitations, this study—to our knowledge—is unique in the richness of its 

longitudinal BMI data starting in young adulthood, and objectively measured metabolic 

outcomes at late midlife. This large age-homogeneous sample allowed for in-depth 

examination of BMI change and heterogeneity across an important transitional age period 

when cardiometabolic dysregulation and cardiovascular disease become more prevalent.35 

Studies focused on only elderly adults may already have high levels of selective attrition due 

to high morbidity and mortality associated with obesity—especially among men. We 

provided evidence from multiple analytic approaches that increases in BMI—in particular, 

accelerated change—from young adulthood to midlife are significantly associated with risk 

for poorer cardiometabolic outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What is already known about this subject?

• Previous research found that cardiometabolic risks at midlife predicted 

cardiovascular outcomes in late life.

• Few studies examine associations between changes in body mass index (BMI) 

from young adulthood to late midlife and cardiometabolic risks.

What does this study add?

• Across four decades, from approximately age 20 to age 62, accelerated BMI 

gain was significantly associated with greater risk for hypertension, diabetes, 

dyslipidemia, and inflammation.

• Men with lower and relatively stable BMI had significantly better midlife 

outcomes than men with BMI trajectories in the obese range.
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Figure 1. 
Three latent class trajectory groups representing change in body mass index from age 20 

(T0) to age 40 (T1), age 56 (T2), and age 62 (T3). Trajectory is abbreviated as Traj; body 

mass index as BMI.
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Table 1

Descriptive Data

AGE 20
(Baseline)

AGE 62
(VETSA 2)

Mean (SD) or %

Age (Years) 19.8 (1.3; range 17–25) 61.6 (2.4; range 56–66)

Ethnicity (% Non-Hispanic white) 90%

Marital status (% single) 92.7% 4.70%

Education (Years) 12.3 (1.2) 13.9 (2.1)

Low SES Family (%) 24.7%

Systolic BP 124.6 (10.8) 128.1 (16.1)

Diastolic BP 74.2 (8.0) 78.6 (9.0)

Height (in) 68.9 (2.6) 69.1 (2.6)

Weight (lbs) 153.4 (22.7) 203.3 (40.0)

BMI (kg/m2) 22.7 (3.0) 29.9 (5.2)

  Normal BMI (%) 741 (75.8%) 148 (15.2%)

  Overweight (%) 173 (17.7%) 416 (42.6%)

  Obese (%) 22 (2.3%) 412 (42.2%)

    Level 1 22 (2.3%) 278 (28.5%)

    Level 2 0 86 (8.8%)

    Level 3 0 48 (4.9%)

Smoking (VETSA 2)

    Never 339 (34.7%)

    Former 443 (45.3%)

    Current 195 (20.0%)

Notes. Single = never married; BP= Blood Pressure; BPM=beats per minute; Ethnicity=non-Hispanic white versus Other; Low SES=Father less 
than high school education and unskilled/semi-skilled laborer reported at VETSA 1 (age 56); BMI=Body Mass Index. Normal BMI: ≥ 18.5 and 

<25.0 kg/m2; Overweight BMI ≥25 and <30; Obese BMI: BMI ≥ 30; level 1 obesity: BMI ≥30.0 and <35.0; level 2 obesity: BMI ≥35.0 and <40.0, 
level 3 obesity: BMI ≥40.0.
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Table 5

Latent Class Growth Modeling over Four Timepoints with Linear and Quadratic Terms

Model Entropy LMR LMR p

1

2 0.90 1610.66 0.0052

3 0.86 821.02 0.0003

4 0.85 373.01 0.3040

3-Class Model Parameters

Class 1 (N=490) Class 2 (N=400) Class 3 (N=87)

Intercept 21.26 (20.99, 21.53)** 23.52 (CI: 23.13, 23.92)** 26.25 (CI: 25.17, 27.34)**

Linear 2.66 (CI: 2.28, 3.05)** 3.31 (CI: 2.84, 3.78)** 5.65 (CI: 3.85, 7.44)**

Quadratic −0.10 (CI: −0.26, 0.05) 0.47 (CI: 0.24, 0.69)** 0.91 (CI: 0.05, 1.78)*

Notes: BIC = Bayesian information criterion; LMR=Lo-Mendell-Rubin likelihood ratio test; Model 3 (3-class model, bold font) has best fit. In the 
text, to avoid confusion, class 1 corresponds to trajectory 1; class 2 to trajectory 2; class 3 to trajectory 3.

*
p=.04;

**
p<.001
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