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Abstract
Objectives: This study aimed to assess the nature and degree of association between exposure to potentially traumatic 
wartime experiences in early life, such as living in a heavily bombed region or witnessing death firsthand, and later-life 
frailty.
Method: The Vietnam Health and Aging Study included war survivors in Vietnam, 60+, who completed a survey and 
health exam between May and August 2018. Latent class analysis (LCA) is used to construct classes exposed to similar 
numbers and types of wartime experiences. Frailty is measured using a deficit accumulation approach that proxies biolog-
ical aging. Fractional logit regression associates latent classes with frailty scores. Coefficients are used to calculate predicted 
frailty scores and expected age at which specific levels of frailty are reached across wartime exposure classes.
Results: LCA yields 9 unique wartime exposure classes, ranging from extreme exposure to nonexposed. Higher frailty is 
found among those with more heavy/severe exposures with a combination of certain types of experiences, including intense 
bombing, witnessing death firsthand, having experienced sleep disruptions during wartime, and having feared for one’s life 
during war. The difference in frailty-associated aging between the most and least affected individuals is more than 18 years.
Discussion: War trauma hastens aging and warrants greater attention toward long-term implications of war on health 
among vast postconflict populations across the globe.
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Frailty is the accumulation of deficits and declines across 
multiple physiologic systems (Cesari et  al., 2017; Clegg 
et  al., 2013; Fried et  al., 2001; Gobbens, Luijkx, et  al., 
2010; Rockwood, 2005). Because accumulated physiolog-
ical deficits signify a global deterioration in an organism’s 
normal and healthy function, those with high levels of 
frailty are vulnerable to any type of physical or psycho-
logical stressor, and are therefore at high risk of chronic 

disease, disability, cognitive disorders, falls, institutionali-
zation, and ultimately death. Stylized measures of frailty 
quantify these physiological declines and vulnerabilities 
and are proxies for biological aging (Mitnitski et al., 2001; 
Rockwood & Howlett, 2019). In countries experiencing 
rapid population aging, frailty syndrome consequently 
becomes a concern for public health (Fedarko, 2011; 
Rodríguez-Artalejo & Rodríguez-Mañas, 2014). Vietnam 
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is a prime example. Its population aged 60+ has grown 
from roughly 5.5 million, representing 8% in 1990, to 12 
million and 12% in 2020, and should reach 30 million and 
27% by 2050, with oldest-old being the fastest-growing 
subsegment (United Nations Department of Economic and 
Social Affairs, 2019). Population aging alone, therefore, 
will result in large numbers of Vietnamese with moderate 
and severe frailty.

However, the distribution of later-life frailty is hetero-
geneous (Woo et al., 2005). Early- and mid-life stress are 
particularly consequential and manifest through a series of 
biological processes (Bijker & Agyemang, 2016; Haapanen 
et  al., 2018; Murphy et  al., 2017). For one, exposure to 
stress brings about physiological responses that influence 
genetic stability and cell function, impacting biological age. 
Recent emphasis on telomere length is one example of the 
potential genetic manifestation of such responses (Schutte 
& Malouff, 2016). There is also a link between earlier-life 
stress and chronic inflammation, which is a result of a cas-
cade of responses and secondary stressors, leading to later-
life chronic disease (Ellis & Del Giudice, 2014; Finch & 
Crimmins, 2004). Cumulative inequality theory (Ferraro 
et  al., 2009), which is born out of a more general life-
course perspective (Ben-Shlomo & Kuh, 2002), provides 
a framework for understanding these associations. Among 
the propositions of cumulative inequality is that health tra-
jectories are affected by onset, duration, and magnitude of 
stressful exposures and that accumulation of stress accel-
erates aging, even among those asymptomatic of disease 
for most of their lives. Pearlin and colleagues (2005) simi-
larly propose that some types of early-life trauma result in 
a continual process of stress accumulation throughout life, 
which in turn has a long-range toll on later-life health.

Extant literature substantiates these propositions when 
it comes to early-life wartime experiences. In utero or ex-
perienced during early childhood, war trauma adversely 
influences early development and health (Akbulut-Yuksel, 
2014; Akresh et  al., 2012; Chamarbagwala & Morán, 
2011; Lee, 2014). Studies of combat veterans have found 
substantial effects across a range of long-term health out-
comes (Bedard & Deschênes, 2006; Brown et  al., 2014; 
Buckley & Kaloupek, 2001; Cange, 2016; Johnson et al., 
2010; Nice et al., 1996; Nichter et al., 2019; O’Toole & 
Catts, 2008; Spiro et al., 1994; Spiro & Settersten, 2012; 
Wilmoth, Landes, et  al., 2018; Wilmoth, London, et  al., 
2018). Wartime traumatic events that are likely to have 
lasting effects on psychological resources include witnessing 
death, losing family, and living with inhospitable ambient 
conditions (Ellis et al., 2017; Haapanen et al., 2018; Roelfs 
et  al., 2010). Studies also suggest that mechanisms such 
as impoverishment, availability of nutritional resources, 
adoption of harmful behaviors, changes and disruption in 
housing, living in unsanitary conditions, and other such 
social structural factors have long-term effects on health 
(Akbulut-Yuksel, 2017; Alastalo et al., 2009; Cange, 2016; 
Hardy & Reyes, 2016; Islam et al., 2017; Lindeboom & 

van Ewijk, 2015; Ramirez & Haas, 2021; Settersten Jr., 
2006; Spiro & Settersten, 2012; Taylor et al., 2016).

Some studies, however, reveal contrary or more nuanced 
influences. Studying World War II survivors, Ramirez and 
Haas (2021) find timing critical with those born during, 
as opposed to prior to, war having later-life disadvan-
tages. Others hypothesized sensitive periods during which 
traumatic events are more or less impactful (Dunn et al., 
2018). Theories of resilience suggest milder levels of ad-
versity, experienced at certain ages, lead to adjustment, ad-
aptation, and coping (Gershon & High, 2015; Hardy & 
Reyes, 2016). For instance, Sagi-Schwartz and colleagues 
(2013), studying Holocaust survivors, observe some factors 
promoted by wars, like finding meaning and satisfaction in 
life, increase longevity.

The cohort of Vietnamese now entering older ages is 
illustrative of a population who lived through extensive 
periods of considerable earlier-life trauma, a direct result of 
the “American War” that peaked in the late 1960s and early 
1970s (Mizoguchi, 2010; Young et  al., 2021). Our study 
explores the nature and degree of association between ex-
posure to potentially traumatic wartime experiences in 
early life and later-life frailty among a sample of war sur-
vivors in Vietnam. Frailty is measured using a cumulative 
deficit approach (Mitnitski et al., 2001). Wartime trauma is 
assessed using discrete groups exposed to common experi-
ences derived statistically from a latent class analysis (LCA; 
McCuthcheon, 1987).

Vietnam presents a particularly interesting and unique 
example for such a study. First, it houses one of the world’s 
largest older populations exposed to potentially traumatic 
wartime experiences earlier in life. Second, Vietnamese 
were exposed to a wide array of experiences and wartime 
statuses. Some older Vietnamese were in the military and 
participated directly in combat; some participated in less 
formalized local militia; and some lived directly within war 
zones. Experiences are likely to have differed across these 
groups. Third, in Vietnam, many women engaged in combat 
and dangerous paramilitary operations (Gottschang Turner, 
1998). A longstanding and consistent finding in the litera-
ture is the paradox that while women live longer than men, 
they do so at higher levels of frailty (Gordon et al., 2017; 
Verbrugge, 1984). There is also evidence of sex differences 
in the long-term physical and mental health consequences 
of military service (Batuman et  al., 2011; Sternke, 2011; 
Street et al., 2009; Wilmoth et al., 2011).

Method

Data and Sample

The 2018 Vietnam Health and Aging Study (VHAS; https://
vhas.utah.edu) involved 2,447 Vietnamese men and women 
aged 60+. It used a multistage, probability sample begin-
ning with purposive choice of three provinces and four ad-
ministrative Districts in northern Vietnam representing a 
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range of wartime bombing intensities. Within Districts, ge-
ographic units called Communes were randomly selected. 
A  list of eligible respondents in each Commune provided 
a sampling frame from which a stratified random sample 
of men and women, with and without military service, was 
chosen. Response rate was 84.7%. Data collection included 
in-person interviews and a health exam (for protocol de-
tails, see Korinek et al, 2019). The current study omits 75 
cases fully completed by proxy and 79 missing data on 
wartime exposure, frailty, or other key study variables, for 
a valid sample size of 2,294.

Outcome

The deficit accumulation approach is used to measure 
frailty (Rockwood & Mitnitski, 2007; Searle et al., 2008). 
A deficit is a disease, illness, functional problem, or other 
indicator of physiological dysfunction. The approach pro-
vides an indicator that proxies biological aging (Mitnitski 
et  al., 2001; Rockwood & Mitnitski, 2007; Searle et  al., 
2008), and as such, our results can be interpreted as the 
degree to which wartime trauma hastens aging. Fifty-eight 
items (see Supplementary Table 1) were identified across 15 
health domains. A Frailty Index (FI) score is the proportion 
of deficits. A FI is calculated for those with valid responses 
for 80%+ of items (nine of the 79 observations deleted are 
due to a missing FI score). Table 1 shows mean FI is .293. 
There is sex variation; women’s mean is .316 versus .260 
for men. Supplementary Figure 1 shows mean FIs by single 
years of age and sex and, because of substantial variation 
by single years due to small Ns, predicted FIs using a frac-
tional regression. Results conform to expectations that 
women and older people have higher frailty (Gobbens, van 
Assen, et al., 2010).

Wartime Exposure

VHAS included a battery of questions derived from val-
idated instruments to assess potential traumatic exposures 
experienced during the American war (Keane et al., 1989; 
King et al., 2006; Young et al., 2021). VHAS also recorded 
respondents’ geographic region of residence during the war. 
This is paired with records of bombing intensity (bombs 
per square kilometer) published by the Department of 
Defense (Miguel & Roland, 2011). Using paired data, we 
construct a measure for whether an individual lived in a 
region that experienced high bombing intensity, defined as 
300+ bombs per square kilometer, between 1965 and 1975.

LCAs were used to define emergent patterns of experi-
ences based on survey items plus bombing intensity. Some 
experiences overlapped in that they associated with the 
same latent class; overlapping items were combined. For in-
stance, “how often did you encounter having to move due 
to evacuation?” was combined with “how often did you 
encounter moving due to bombing?” Experiencing either 

evacuation, or moving due to bombing, results in being 
coded as ‘was displaced from home.’ Some experiences did 
not statistically distinguish war exposure classes and were 
deleted. After reductions, there were seven possible war-
time exposure items. Table 1 shows the percentage of the 
weighted sample that experienced each, and these are: wit-
nessed death firsthand (48.9%), experienced sleep disrup-
tions (36.6%), experienced fearing for own life (32.4%), 
knew someone personally who died/was injured (31.0%), 
was displaced from home (28.1%), experienced shortage 

Table 1. Descriptive Statistics for Study Variables (Standard 
Deviations for Means in Parentheses)

Total sample

Na 2,294
Mean Frailty Index scores 0.293 

(0.161)
Exposure items (shortened descriptor in parentheses)
 % Witnessed death (death) 48.9
 % Experienced sleep disruptions (sleep) 36.6
 % Experienced fearing for own life (fear) 32.4
 % Knew someone who died/was injured 
(knew someone)

31.0

 % Was displaced from home (displacement) 28.1
 % Had shortage of food and/or water 
(food/water)

23.1

 % Lived in a region of intense bombing 
(bombing)

22.8

Mean age 69.9 (8.3)
% Female 58.8
% Military experience
 Civilian 56.8
 Formal 19.6
 Militia 23.6
% Married 69.1
Mean household size 3.74 (2.07)
Mean number living children 4.42 (1.87)
% Agricultural occupation 67.6
Mean years of education 7.53 (4.14)
% With children in college 36.8
Mean wealth index 0.141 

(1.748)
% Alcohol consumption
 None 68.0
 Sometimes 20.8
 Daily 11.2
% Smoking/betel nut status
 Never 53.2
 Former 25.7
 Current 21.1
Mean stressor index 0.893 

(0.980)
% Fair/poor health in childhood 37.1
% Experienced hunger in childhood 33.2

Note: 
aUnweighted.
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of food or water (23.1%), and lived in a region of intense 
bombing (22.8%). Supplementary Table 2 shows distri-
butions for these items and individual items combined to 
create the seven experiences.

Covariates

A base model controls for age, sex, and military status. 
Three categories of military status are civilian/nonmil-
itary (reference), formal military, or informal military. 
The latter includes the many, especially women, who 
as youth engaged in militias and other military sup-
port organizations such as the Youth Shock Brigades, a 
common way Vietnamese informally participated in war 
efforts (Guillemot, 2009). Additional covariates repre-
sent socioeconomic, demographic, and health indica-
tors. Besides age and sex, these include marital status 
(married vs not), household size, and number of living 
children. Socioeconomic indicators include lifetime oc-
cupation (agriculture vs other), education, whether re-
spondent has a child with college education, and wealth. 
A  principal component analysis procedure introduced 
by Filmer and Pritchett (2001) was used to construct a 
wealth index comprising the linear combination of house-
hold assets, such as television and motor vehicle. Health 
includes several subdomains. Health behaviors include 
alcohol consumption in the last 12  months, categorized 
as none (reference), sometimes, and daily, and smoking 
or betel nut chewing (men tend to engage in the former 
and women the latter, with the effects similar; Ko et al., 
1995), coded as none (reference), former, and current. An 
index of recent stressors sums six life events experienced 
in the last 3  years: accident that caused injury, marital 
disruption, residential move, death of child, severe illness 
of spouse, and financial difficulty. Two early-life health 
conditions are childhood health status (fair vs poor) and 
childhood hunger (yes vs no). Table 1 shows descriptive 
statistics for study variables.

Statistical Analysis

Using LCA, we first separate the sample into discrete ex-
posure groups (McCuthcheon, 1987). LCA statistically 
structures the sample into classes occupied by individuals 
exposed to similar experiences by applying an iterative ex-
pectation–maximization algorithm to determine maximum 
likelihood parameters that best describe underlying latent 
classes. Compared to additive approaches, which tend to 
assume experiences have equal value (King et  al., 2006), 
LCA permits a look at how common discrete patterns are 
linked to late-life frailty. There is no a priori reason to 
believe any experience affects frailty in a particular way, 
and identifiable combinations of factors may have spe-
cific implications. In addition, the LCA strategy provides 
a look at the structure of traumatic events experienced 
by Vietnamese and therefore experiences that go together. 

Results show the probability that an observation belongs to 
a class and the probability that a person who is a member of 
a class was exposed to an experience. An optimal number 
of classes is determined by Bayesian information criterion, 
Lo–Mendell–Rubin adjusted likelihood ratio test, and par-
ametric bootstrapped likelihood ratio. Observations are 
assigned to the class for which they have the largest prob-
ability, with the average in our data being .80, a quantity 
indicating good fit.

Next, classes are used to model frailty. Because FI is a 
proportion with hard limits at .00 and 1.00, it is modeled 
using fractional regression with a logit link function. Three 
models are presented. The base controls for age and sex. 
Model 2 adds socioeconomic and demographic indicators. 
Model 3 adds health indicators. Adding covariates sequen-
tially permits assessment of robustness of the association 
to confounders.

We test for interaction between exposure and three key 
characteristics across which we might expect the impact to 
vary: sex, age, and military status. With respect to sex, there 
are basic differences in the progression of frailty between 
men and women, and a long-investigated paradox that 
women have greater longevity while men have better health, 
which translates into men and women of the same age having 
different levels of frailty (Gordon et  al., 2017; Verbrugge, 
1984). As noted earlier, age of exposure to trauma may de-
termine the degree to which this impacts health long term. 
Interactions with military status are of interest, given those 
in the formal military, militia, and civilians have experienced 
war and the events of war quite differently.

Fractional regression coefficients are not easily inter-
pretable as a change in FI. Two additional calculations, 
done using the full estimated equation, provide more intu-
itive interpretations. First is the predicted FI for each class 
when covariates are controlled. This is equivalent to the 
expected FI when covariates are evaluated at their mean. 
The difference between two predicted values is a marginal 
effect of being in one class rather than another with re-
spect to frailty. Second is the expected age at which an 
individual of a given sex and class reaches a specific FI, 
holding other covariates constant. Comparisons of how 
the age expected to reach a particular FI differs across ex-
posure classes are useful when predicted ages are within 
the valid sample age range. We assess the age of reaching a 
FI of .30 and .35. Expected ages for these levels of frailty, 
for men and women, respectively, fall within the age range 
of the sample (60–98  years). The measure of frailty we 
use is continuous and there are no published guidelines 
that cut the FI into low versus high degrees of frailty. 
However, FIs of .30–.35 can generally be interpreted as 
severe levels. First, these scores are just slightly below the 
average frailty for those institutionalized, which is around 
.40 (Rockwood & Mitnitski, 2011). Second, FIs between 
.25 and .35 are levels at which mortality rates begin to ac-
celerate and at which a 5-year risk of death exceeds 50% 
(Armstrong et al., 2015).
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Results

Latent Class Analysis

Table 2 summarizes results for the best fitting LCA solution. 
There are nine statistically unique wartime exposure classes 
(WECs), listed as 1–9 (column 1) according to mean number 
of exposures experienced by those in the class (column 4), 
from highest to lowest. Means vary markedly, suggesting that 
part of the latent class structure is a function of number of 
experiences to which one was exposed. For instance, mem-
bers of WEC 1 average 5.7 experiences, while those who are 
members of WEC 9 average 0.3. The column “class title” 
(column 2) provides a descriptor related to mean number of 
experiences to which individuals in that class were exposed. 
There is one class labeled “Extreme,” three “Heavy,” three 
“Moderate,” one “Light,” and one “Nonexposed.” From this 
point on, we refer to WECs by descriptor names. 

Column 3 displays percent of the weighted sample in 
each class. About 40% belong to the Nonexposed and 
about 9% to the Extreme class. The three Heavy classes 
combined contain about 20% of the sample. The Moderate 
classes combined are about 23%. The Light class has about 
7% of the sample.

Further distinguishing classes are unique combinations 
of experiences common to each. Column 5 lists exposures 
that members of the class likely experienced, indicated by 
a probability of at least .75. Full results with specific prob-
abilities for each item by class are found in Supplementary 
Table 3. Those in the Extreme class were likely exposed 
to five experiences (witnessed death, sleep disruptions, 
displacement, shortage of food or water, and intense 
bombing). Members of classes labeled Heavy 1–3 have a 
mean number of experiences of about 4. With means being 
similar, these classes are better distinguished by experiences 
common to each. Members of all three of these classes likely 
witnessed death. Members of classes titled Heavy 1 and 
Heavy 3 experienced intense bombing. What distinguishes 
these two is that those in Heavy 1 also experienced sleep 
disruptions and displacement. In contrast, those in Heavy 
2 knew someone who died/was injured. The classes titled 
Moderate 1–3 average 2.5 to 3.0 experiences. Moderate 1 
consists of those who experienced the combination of sleep 
disruptions and fear of death. The Moderate 2 consists of 
people who were displaced. Those in Moderate 3 knew 
someone who died/was injured. There is no specific expe-
rience characterizing the Light group, but their average is 

Table 2. Summary of Latent Class Analysis Results, Showing Mean Number of Items to Which Members of Class Were 
Exposed, Listing Experiences With High (.80–1.00) and Moderate (.50–.79) Probability of Exposure, and Percent in Class, by 
Wartime Exposure Class

Column

1 2 3 4 5

Wartime  
exposure  
class Class title % in class

Mean number experiences to which 
members of class were exposed

Experiences with very high 
probability of exposure  
(p = .75–1.00)

1 Extreme 9.3 5.7 Death  
Sleep  
Displacement  
Food/water  
Bombing

2 Heavy 1 4.1 4.3 Death  
Sleep  
Displacement  
Bombing

3 Heavy 2 8.0 4.0 Death  
Knew someone

4 Heavy 3 8.2 3.9 Death  
Bombing

5 Moderate 1 9.1 3.0 Sleep  
Fear

6 Moderate 2 4.1 2.7 Displacement
7 Moderate 3 9.7 2.5 Knew someone
8 Light 7.2 1.7 None
9 Nonexposed 40.3 0.3 None

Note: Death = witnessed death firsthand; sleep = experienced sleep disruptions; fear = experienced fearing for own life; knew someone = knew someone person-
ally who died/was injured; displacement = was displaced from home; food/water = had a shortage of food and/or water; bombing = lived in a region with intense 
bombing.
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1.7, so their exposure is nonzero. The Nonexposed group, 
in contrast, do not have a high probability of any experi-
ences, and with a mean of 0.3, most in this group did not 
report any exposure.

Fractional Regression

Table 3 presents fractional regression models. The main re-
sult is that, across three models, those in the classes Extreme, 
Heavy 1–3, and Moderate 1 and 3 consistently have signif-
icantly higher frailty than those in the Nonexposed class 
across all models. The largest coefficient is associated with 
the “Extreme” class, and therefore these individuals have 

on average the highest levels of frailty. Comparatively, large 
coefficients are seen for classes Heavy 1 and Heavy 3. Light 
exposure is significant in Models 1 and 2 but not in Model 
3. Those in the class titled Moderate 2 are not statistically 
different from those Nonexposed.

The coefficient for the Extreme class is robust across 
all models (β  =  .462, .440, .329). The same is true for 
those in Heavy 1 and 3, both of which consist of individ-
uals likely exposed to witnessing death and having lived 
in a region with intense bombing (Heavy 1 β = .354, .379, 
.290; Heavy 3 β = .375, .337, .273). The moderate decline 
in coefficients across models indicates that potentially con-
founding variables have some but moderate impact on 

Table 3. Fractional Regression Model for Frailty Index Scores, Showing Estimates and Standard Errors

Model 1  
Base Model 2 + SES and demographics Model 3 + health

β SE β SE β SE

WECa

 Extreme .462** 0.066 .440** 0.062 .329** 0.059
 Heavy 1 .354** 0.081 .379** 0.077 .290** 0.074
 Heavy 2 .230** 0.073 .235** 0.067 .170** 0.066
 Heavy 3 .375** 0.081 .337** 0.082 .273** 0.075
 Moderate 1 .354** 0.079 .320** 0.072 .190** 0.065
 Moderate 2 .035 0.089 .064 0.093 −.026 0.095
 Moderate 3 .0678* 0.077 .179* 0.073 .158* 0.074
 Light .185* 0.077 .158* 0.079 .108 0.078
 Nonexposed — — — — — —
Age .025** 0.003 .018** 0.003 .019** 0.003
Female .322** 0.068 .217** 0.065 .173* 0.074
Military experience (omitted Civilian)
 Formal .155* 0.070 .139* 0.067 .173** 0.064
 Militia .059 0.049 .035 0.046 .019 0.011
Married   .040 0.046 .010 0.045
Household size   −.005 0.011 .006 0.011
Number children   .015 0.011 .008 0.011
Agricultural occupation   −.014 0.049 −.034 0.047
Years of education   −.021** 0.006 −.021** 0.006
Children in college   −.063 0.006 −.051 0.042
Wealth index   −.085** 0.045 −.057** 0.014
Alcohol consumption (omitted never)
 Some     −.216** 0.060
 Daily     −.215** 0.085
Smoking/betel nut status (omitted never)
 Former     .137* 0.060
 Current     −.068 0.055
Index of stressors     .199** 0.019
Health in childhood     −.011 0.038
Hunger in childhood     .064# 0.037
Constant −3.064 0.199 −2.389 0.261 −2.554 0.290
Log likelihood −1361.2 −1326.3 −1295.2

Notes: SES = socioeconomic status; WEC = wartime exposure class.
aExperiences with high probability of exposure by WEC: Extreme: death, sleep, displacement, food/water, and bombing; Heavy 1: death, sleep, displacement, and 
bombing; Heavy 2: death and knew someone; Heavy 3: death and bombing; Moderate 1: sleep and fear; Moderate 2: displacement; Moderate 3: knew someone; 
Light: none; Nonexposed: none.
*.01 < p < .05. **p < .01. #.05 < p < .10.
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the base association. The coefficient for Moderate 1 (for 
Model 3, β =  .190) indicates that this class, composed of 
individuals who tended to encounter sleep disruptions and 
fear for their lives, also has comparatively high frailty. The 
strength of association drops for Heavy 2 and Moderate 3, 
but these classes remain statistically significant (for Model 
3, β = .170 and β = .158).

Interactions between WEC and sex, age, and military 
status were tested and are all nonsignificant. Therefore, 
levels of frailty by WECs are consistent across these char-
acteristics. Full results for interaction models are provided 
in Supplementary Table 4.

Other covariates indicate higher frailty is associated 
with older age, being female, being in the formal mil-
itary, more numerous recent stressors, and reporting 
hunger in childhood. Lower frailty is associated with 
higher education, wealth, current and former alcohol 
consumption, and former smoking/betel nut chewing. 
A  favorable result of alcohol consumption may indi-
cate that alcohol intake in Vietnam is light, that those 
who do engage may be selected for health, and/or that 
alcohol consumption is associated with socioeconomic 
status in Vietnam. Former smokers/betel nut chewers, in 
contrast, have less favorable frailty than current users, 
which may indicate quitting such behavior is due to 
being in poor health.

Predicted FIs, and 95% confidence intervals, by WECs, 
computed using Model 3 from Table 3, are provided in 
Figure 1. While the figure demonstrates potential overlap 
in FIs across a number of the WECs, it also shows that 
individuals who are members of several WECs have sub-
stantially and significantly higher levels of frailty than 
others. The predicted FI for men, for instance, is very high 
in the Extreme class at .289 (95% CI = 0.266, 0.312) and 
much lower for men in the Nonexposed class at .226 (95% 
CI = 0.210, 0.242). It is lowest for those in the Moderate 
2 class, the group that experienced displacement, at .222 
(95% CI = 0.191, 0.253). Being in the Extreme class, there-
fore, results in a predicted increase in FI, or marginal ef-
fect, of .289 – .226 = .063 in comparison to being in the 
Nonexposed class, and .289 – .222 = .067 in comparison 
to being in the Moderate 2 class. For women, the predicted 
FI is .355 (95% CI = 0.333, 0.377) for the Extreme group, 
.284 (95% CI = 0.271, 0.297) for the Nonexposed group, 
and .279 (95% CI = 0.244, 0.314) for the Moderate 2 class, 
representing marginal effects of .355 – .284  =  0.71 and 
.355 – .279 =  .076, respectively. More generally, being in 
the Extreme, Heavy 1, or Heavy 3 classes is associated with 
comparatively high predicted levels of frailty, while being 
in Moderate 2, Light, or Nonexposed groups is associated 
with comparatively low levels.

Figure 2 presents predicted age at which men and 
women in different WECs are expected to reach an FI 
of .30 or .35. The predicted age at which individuals are 
expected to reach these FIs, for men and women, respec-
tively, across classes, falls within the age range of the 

sample, which is ages 60–98, allowing for valid compar-
ison. As noted above, these FIs can also be interpreted 
as representing quite severe levels of frailty (Armstrong 
et al., 2015; Rockwood et al., 2017). If predicted age is 
below 60 or above 98, it is beyond the age range of the 
sample and is indicated by <60 and >98 (some classes of 
women reach an expected FI of .30 younger than 60, and 
some classes of men reach an expected FI of .35 older 
than 98). Depending upon the WEC, men can expect a 
frailty level of .30 between ages 72.5 (Extreme) and 91.0 
(Moderate 2), suggesting that those in the most affected 
class look 18.5  years older than those in the least af-
fected. Women can expect to reach a frailty level of .35 as 
young as 69.2 (Extreme) and as old as 87.8 (Moderate), 
indicating a difference. For another meaningful compar-
ison, those in the Extreme group look about 17  years 
older than those Nonexposed. While these are the largest 
effects of wartime exposure on frailty-associated aging, 
there are noticeable differences even between adjacent 
WECs. For instance, for both men and women, those 
in Heavy 1 and Heavy 3 look about 2  years younger 
than counterparts in the Extreme class. Those in the 
Nonexposed class look between 5 and 6 years younger 
than those in the Light class.

Figure 1. Predicted values for Frailty Index scores across wartime ex-
posure classes, showing point estimates and high/low 95% confidence 
interval bars.

Figure 2. Predicted age to reach a Frailty Index (FI) score of 0.30 and 
0.35 by exposure class and sex.
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Discussion
We examined the association between war exposure earlier 
in life and later-life frailty in Vietnam, a country with an 
aging population that lived through long and harsh war-
time periods, including both direct engagement in military 
operations and civilian exposure to bombing and other 
stressors (Mizoguchi, 2010). The results strongly suggest 
wartime trauma hastens aging. Nine classes were distin-
guished by number and combination of war experiences. 
The highest predicted levels of frailty were found among 
those in the Extreme exposure class, a class consisting of 
individuals who experienced most if not all of the exposure 
items used in the LCA. In comparison, low FIs were found 
for those in the Nonexposed and in the Moderate 2 classes, 
the latter being a class of individuals with high proba-
bility of displacement during war. The difference quanti-
fied as predicted age at which a specific level of frailty is 
reached indicates the Extreme class is about 17 years older, 
with respect to age-related frailty, than the Nonexposed, 
and more than 18 years older than the Moderate 2 class. 
The highest predicted frailty classes share characteristics of 
having high probability of having resided in an intensely 
bombed region during the war and having witnessed death 
firsthand. Therefore, these may be particularly consequen-
tial experiences for long-term health. Additionally, those 
in Moderate 1, occupied by individuals who did not have 
a large number of experiences but did tend to experience 
sleep disruptions and fearing for their life, also have com-
paratively high levels of frailty. The Moderate 1 class looks 
about 10 years older than the Nonexposed class.

The class that contains those who were displaced 
(Moderate 2), but exposed to few other experiences, had 
favorable FIs not significantly different from those in the 
Nonexposed and Light classes. This result contrasts re-
search that has suggested displacement impacts mental 
and physical health (Daoud et  al., 2012; Husain et  al., 
2011). The current result may be a function of unique 
contextual features of northern Vietnam in which war 
displacement involved short distances and relocation to 
familiar environments near family and other social con-
nections, rather than to refugee camps (Vong, 2020). 
Those fleeing localized violence may have moved into 
relatively supportive settings more favorable than typical 
wartime displacement.

In conclusion, those in classes that contain individuals 
characterized as having a larger number of experiences 
generally have higher frailty, while there are also differ-
ences in frailty across specific combinations of experi-
ences. These two findings combined indicate that, net of 
other covariates, both number and composition of war-
time experiences predict frailty. We tested for interactions 
between exposure and three variables thought to poten-
tially influence how exposure impacts frailty: sex, age, 
and type of military experience. None of these were sig-
nificant, indicating that effects are consistent across these 
population subgroups.

In several ways, the associations support the cumulative 
inequality theory of health as presented by Ferraro and col-
leagues (2009), and related propositions on the long-range 
impacts of trauma suggested by Pearlin and colleagues 
(2005). These perspectives postulate that trauma earlier in 
life results in extreme stress, which accumulates over time, 
and that the accumulation of severe stress accelerates the 
aging process. This occurs because early-life trauma al-
ters the lifelong ability to regulate stress, thus contributing 
to a disruption of human development through immune, 
metabolic, mental, and even genetic systems (Ellis & Del 
Giudice, 2014; Greenblatt Kimron et  al., 2019; Roelfs 
et  al., 2010; Schneiderman et  al., 2005). The potentially 
traumatic experiences that combined to have the greatest 
impact on late-life frailty in our analysis may in fact be 
those that spawn severe and long-term stress. For instance, 
heavy bombing intensity has been shown to lead to weak-
ened immune systems and increase susceptibility to some 
forms of disease (Singhal, 2019). Witnessing death, fearing 
death, and experiencing sleep disruptions during war likely 
have similar connections.

Strengths of the study include a large sample of indi-
viduals in a developing country exposed to a variety of 
wartime experiences and retrospective data that allow for 
examination of long-term life-course effects. There are also 
advantages to using the LCA approach to categorize expo-
sure. LCA allows examination of discrete categories and 
assessment of the structure of exposure in Vietnam. An ad-
vantage over an additive approach is that the latter assumes 
every experience has an equal impact on health, which is 
clearly not the case. We suggest future analyses to examine 
the impact of each exposure factor separately in order to 
gain insights into what types of wartime experiences specif-
ically lead to higher frailty in later life.

The study has limitations. Exposures do not cover all 
possible traumatic experiences. In particular, veterans may 
have been exposed to additional experiences such as being 
shot or captured. We use the term “potential traumatic 
experience” in this paper because not all experiences will 
be traumatic, or equally traumatic, for all people. While 
there are advantages to LCA, individuals are not perfectly 
matched in a class. For instance, those in classes with 
higher levels of frailty tended to have experienced wit-
nessing death and living in a region with intense bombing, 
but some in other classes were also exposed to these ex-
periences. The LCA is a method for obtaining common 
overarching patterns in data, but given the huge number 
of potential combinations of experiences, it is impossible 
to derive classes without overlap. Then again, posterior 
probabilities for the classes created in our analysis are 
very high (.80), indicating that the LCA solution reached 
represents a very good fit. While results provide evidence 
of correlation, there are unexamined factors that could 
threaten causality and therefore causal inference needs to 
be assessed carefully. For instance, more heavily bombed 
areas of Vietnam may, as a result or coincidentally, have 
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developed economically at a slower pace. Thus, those 
who experienced intense bombing may have experienced 
poorer access to health resources. Retrospective survey 
data may be subject to recall bias. Given that frailty is 
associated with cognitive decline, it is possible that frailer 
respondents are more apt to misreport. While the direc-
tion of the misreporting is uncertain, if cognitive problems 
result in forgetting experiences, it would lead to an under-
estimate of the associations.

Hirschman and colleagues (1995) estimate numbers 
of war-related deaths in Vietnam reached one million or 
more. Merli (2000) shows that, contrary to other wars, 
those in higher socioeconomic positions, measured by 
paternal education, bore the burden of war dispropor-
tionately and were more likely to die relative to those in 
lower positions in Vietnam. These findings suggest that 
survival probability to an age where one could become 
part of the current sample may result in sample selectivity. 
However, there are also reasons to believe that selectivity 
may not be of great concern. First, most of the deaths at-
tributed to the American War occurred between 1965 and 
1975, a result of acute causes rather than the type of long-
term accumulation of stress that is the focus of the cur-
rent analysis. Second, if one assumes that those who were 
most affected by the war are the ones who died between 
the end of the war and the beginning of our data collec-
tion, then selectivity would underestimate impacts. Third, 
life-course perspective suggests that the accumulation of 
harmful effects may remain latent throughout life and ap-
pear only late in life when individuals are more vulnerable 
to frailty (Cange, 2016).

A great number of individuals around the world, in de-
veloping countries, were exposed to war in and near their 
own homes and communities. Many were not prepared or 
trained for combat, but were exposed to trauma. Military 
personnel from more developed countries sent to fight wars 
in other countries often have some level of reintegrative 
health resources available, but those in developing coun-
tries may endure these experiences without availability of 
good health care. Therefore, our results point to health 
implications associated with frailty in a large number of 
postconflict settings globally where exposure to early-life 
trauma was commonplace. Several populations come to 
mind, such as Rwandans who lived through genocide in 
the 1990s, Koreans who experienced wars in the 1950s, 
and Bosnians who suffered war in the 1990s. Results of our 
study may be useful for understanding current and future 
health needs of such populations and for developing strat-
egies to mitigate the long-term effects of early-life wartime 
trauma.
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