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Numerous studies have found that married
people have better health and lower mortality
than unmarried people, and these findings
have been replicated in different countries
and time periods."™® A reduction in health
inequalities related to marital status therefore
has the potential to shift the distribution of risk
and improve population health.'” However, to
do so, further understanding of the mecha-
nisms that link marital status and health is
needed, including further consideration of
health-related selection into various marital
statuses, the operation of health-protective
effects of marriage, and the accumulation of
benefits and risks of marital status trajectories
over the life course.

With a few exceptions, studies of marital
status and health have considered only current
marital status or transitions over relatively
short periods,'® and only a few studies have
considered the association between nonmarital
cohabitation and health,”>*! a topic of increasing
importance given that cohabitation is becoming
more common in the United Kingdom.?? Fur-
thermore, of those studies that have used
measures of health, rather than mortality, as
an outcome,?® most have used self-reported
measures. In the few studies in which objective
health indicators were used, sample sizes were
relatively small >*2°

In this study, we used data from a
population-based birth cohort to summarize
longitudinal patterns of partnership status that
distinguish marital status and nonmarital co-
habitation. We used a model-based approach
that allowed us to capture stability as well as
transitions in partnership status over a 21-year
period (ages 23—44 years) and used this to
investigate the effects that 21-year trajectories
of partnership status have on a wide range of
biomarkers in midlife. Our objective was to
investigate the association of different trajec-
tories of partnership status over the life course
and objectively measured health indicators
in midlife.
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METHODS

We used data from the British National
Child Development Study, a birth cohort study
that includes all people born in Britain during 1
week in March 1958. Cohort members have
been followed up periodically from birth into
adulthood.?® To derive the partnership status
trajectories, we used data from 4 sweeps of the
study: 1981 (n=12537), 1991 (n=11 469),
2000 (n=11419), and 2002—2004
(n=9377), when study members were aged
23, 33, 42, and 44 to 46 years, respectively.
Our outcomes were derived from the 2002 to
2004 clinical examination that was carried out
at participants’ homes by 122 specially trained
nurses. To control for possible selection effects,
we used information from earlier sweeps
carried out between 1958 and 1974 (when
study members were aged O to 16 years).
Our analytic sample included participants with
at least 3 valid responses on the marital status
and cohabitation indicators and complete
information on the background confounders
described later (n=10 226; 5256 women,
4970 men).

Objectives. We examined the association between trajectories of partnership
status over the life course and objectively measured health indicators in midlife.

Methods. We used data from 4 waves (1981, 1991, 2000, and 2002-2004) of the
British National Child Development Study (NCDS), a prospective cohort study
that includes all people born in Britain during 1 week in March 1958 (n =18558).

Results. After controlling for selection attributable to early-life and early-adulthood
characteristics, we found that life-course trajectories of partnership status were
associated with hemostatic and inflammatory markers, the prevalence of metabolic
syndrome and respiratory function in midlife. Never marrying or cohabiting was
negatively associated with health in midlife for both genders, but the effect was
more pronounced in men. Women who had married in their late 20s or early 30s
and remained married had the best health in midlife. Men and women in cohabiting
unions had midlife health outcomes similar to those in formal marriages.

Conclusions. Partnership status over the life course has a cumulative effect
on a wide range of objectively measured health indicators in midlife. (Am J
Public Health. 2015;105:1596-1603. doi:10.2105/AJPH.2015.302644)

Measures

Indicators of partnership status. We used
binary indicators representing whether
a participant was married or was cohabiting
with someone to whom they were not married
at each measurement wave. Each of the 4
measurement waves is thus represented by
2 indicators (1 for marital status and 1 for
cohabitation). We also included in the model
information on whether participants had
remarried by age 44 years (Table 1).

Biomarkers in midlife. We used 5 hemostatic
and inflammatory markers measured at
ages 44 to 46 years (2002—2004 sweep):
C-reactive protein, ﬁbrinogen,27 fibrin
p-dimer,?® von Willebrand factor, and
tissue plasminogen activator antigen.>°
Metabolic syndrome was characterized by
the standard International Diabetes Feder-
ation definition (see Appendix I, available as
a supplement to the online version of this
article at http://www.ajph.org). We also
used forced vital capacity (FVC), a marker of
respiratory functioning. Further details of
the laboratory procedures are available

elsewhere.?%3!
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TABLE 1—Frequency Distribution of
Marital Status and Nonmarital
Cohabitation Indicators: British
National Child Development Study,
1981, 1991, 2000, and 2002-2004

Married Cohabiting

Men, % Women, % Men, % Women, %

Aged 23y
No® 65.2 45.6 94.6 92.8
Yes 34.8 54.4 5.4 72
Aged 33y
No 31.0 279 89.2 90.4
Yes 69.0 721 10.8 9.6
Aged 40 y
No 29.4 28.9 90.5 91.1
Yes 70.6 711 9.5 8.9
Aged 42y
No 27.0 289 87.8 87.9
Yes 73.0 711 12.2 12.1

Remarried
No 90.8 88.7
Yes 9.2 11.3

?For cohabiting, “no” responses include all other
partnership status categories (married, single,
divorced, widowed).

Confounders. To control for possible selec-
tion processes into partnership status, we in-
cluded various early-life and early-adulthood
(age 23 years) characteristics in our models. In
the existing literature, selection into partner-
ship status has been found to be influenced by
income, educational attainment, and past and
current health status.'®*? In our models, we
adjusted for early-life socioeconomic position
using a latent summary of serious financial
hardship during the past year at age 11 years,
access to household amenities at age 11 years,
paternal social class at age 7 years, number of
people per room at age 7 years, housing tenure
at age 7 years, and paternal weekly net pay at
age 16 years (further details on the derivation
of the latent summary are presented in Ap-
pendix V, available as a supplement to the
online version of this article at http://www.
ajph.org). Health center attendance during the
previous year at age 16 years, disability at
age 16 years, and height at age 7 years were
used as indicators of early-life health status.
General cognitive ability measured at age 11
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years was used as an indicator of early-life
cognitive ability.

We also controlled for variables measured at
age 23 years: educational attainment, social
class, housing tenure, net family income, self-
rated health, depression, employment status,
body mass index and presence of long-standing
disability. Current use of medication and lab
processing—related variables were also in-
cluded in the analyses. We did not control for
variables such as income, number of children,
and employment status that were available for
sweeps between ages 23 and 42 years because
they may lay on the causal pathway that links
the partnership status typology with midlife
biomarkers.

Statistical Modeling

We used latent class analysis to derive a
longitudinal typology of partnership status. In
latent class analysis, longitudinal trajectories
are unknown but can be inferred from patterns
of responses on observed indicators of marital
status and cohabitation measured over time.
We found 325 unique response patterns for
men and 316 for women. In this instance, we
used latent class analysis to summarize these
patterns by creating longitudinal profiles—
trajectories—in a parsimonious way. This ap-
proach can be viewed as an evidence-based
approximation that improves a researcher’s
ability to identify, summarize, and communi-
cate complex patterns in longitudinal data®>
and has been used in a wide range of applica-
tions.**™3® We used the derived longitudinal
typology to investigate the association between
trajectories of partnership status with a wide
range of biomarkers in midlife. C-reactive pro-
tein, fibrinogen, fibrin D-dimer, tissue plasmin-
ogen activator antigen, and von Willebrand
factor were log transformed to normalize their
distributions and FVC was left untransformed
before we performed linear regression analy-
ses. Metabolic syndrome was modeled as
a binary outcome with logistic regression.

Selection bias, in the form of incomplete
or missing data, is almost ubiquitous in the
observational setting of the National Child
Development Study, and it is well known that
unbiased estimates cannot be obtained without
properly addressing the implications of incom-
pleteness. We used the full information maxi-
mum likelihood method, which is naturally

incorporated into the generalized latent vari-
able modeling framework.>” In this full likeli-
hood context model, parameters and standard
errors are estimated directly from the available
data, under the assumption that missingness is
at random and that the models are correctly
specified. >33 In our analyses, assuming miss-
ingness is at random means that all the vari-
ables that may plausibly be responsible for the
missing data-generating mechanism are com-
plete and are included in the model as explan-
atory variables or intermediate outcomes.
These variables were early life socioeconomic
position latent summary, health center atten-
dance during the past year at age 16 years,
disability at age 16 years, height at age 7 years,
cognitive ability at age 11 years, educational
attainment at age 23 years, smoking status at
age 23 years, self-rated health at age 23 years,
depression at age 23 years, employment status
at age 23 years, social class at age 23 years,
housing tenure at age 23 years, net family
income at age 23 years, body mass index at
age 23 years, presence of long-standing dis-
ability at age 23 years, and current use of
medication at age 42 years.

Any other missingness that is not accounted
for by these variables was assumed to be
completely at random because we assumed that
all systematic causes of missingness had been
accounted for. We believe that this assumption
is reasonable because socioeconomic position
and age have been shown to be the main drivers
of selection attributable to attrition in population
surveys in the United Kingdom.*>*! All models
were estimated with the Mplus seventh edition
software (Muthén and Muthén,*? Los Angeles,
CA), with the robust maximum likelihood esti-
mator and Monte Carlo integration.

RESULTS

In Table 2, we present information criteria,
likelihood-based tests, and the entropy coeffi-
cient, a measure of classification quality (values
close to 1 indicate good allocation quality and
low classification error) for different specifica-
tions of the latent class model. As expected,
model fit improved with each additional class
for both men and women. The classification
quality as indicated by the entropy was highly
satisfactory for all models. Because all boot-
strapped likelihood ratio tests returned
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significant P values, model selection was based
on relative fit and substantive criteria. As can
be observed in Table 2, as well as Figures A
and B in Appendix II (available as a supplement
to the online version of this article at http://
www.ajph.org), the difference between models
in all information criteria becomes smaller
from the 6-class model onward for both men
and women, indicating that 6 to 8 classes
adequately describe the data. Closer inspection
of the derived classes revealed that the addi-
tional seventh and eighth classes largely repli-
cated the patterns of already existing classes,
but with a very small prevalence (< 1% for
men and < 2% for women). We therefore
selected 6-class models for both men and
women as the most parsimonious description
of the longitudinal patterns in the data.
Although the number of classes was the
same for both genders, the prevalence and
composition of the latent longitudinal
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TABLE 2—Log-Likelihood and Information Criteria for Alternative Latent Class Models:
British National Child Development Study, 1981, 1991, 2000, and 2002-2004

No. of

Classes ~ Parameters  Log-Likelihood AIC BIC ssa BIC Entropy BLRT P
1 9 -18503.599  37025.197 37083.798 37055.199  1.000
2 19 -15402.771 30843543 30967255 30906.880  0.927  6201.655 .001
3 29 -14821.097  29700.194 29889.018 29796.867 0947  1163.348  .001
4 39 -14548.412  29174.824 29428760 29304.831  0.932 545371 .001
5 49 -14296.983  28691.966 29011.014 28855.309  0.909 502.857  .001
6 59 -14176.065  28470.130 28854289  28666.807  0.922 241.837  .001
7 69 -14072910  28283.821 28733.092 28513.834  0.925 206.309  .001
8 79 -13990.324  28138.648 28653.031 28401997 0912 165.172  .001
9 89 -13943.867  28065.734 28645229 28362.418  0.920 92914  .001

10 99 -13909.547  28017.095 28661.701 28347.114  0.923 68.639  .001

Women

1 9 -20063.467  40144.933  40204.037 40175.438  1.000
2 19 -16423.428  32884.855 33009.631 32949255 0944  7280.078 .001
3 29 -15816.767  31691.533 31881.980 31789.827 0962  1213.322 .001
4 39 -15529.946  31137.891 31394.009 31270.080  0.941 573.642  .001
5 49 -15306.326  30710.653 31032.442 30876.736  0.918 447239 .001
6 59 -15103.758 30325516 30712976 30525.494  0.905 405.137  .001
7 69 -15003.290 30144579 30597.711 30378451  0.917 200.937  .001
8 79 -14917.217  29992.434 30511237  30260.201  0.920 172.145 001
9 89 -14856.621 29891242 30475.716  30192.903  0.928 121.192 001

10 99 -14813.435  29824.869 30475.015 30160.425 0916 86.334  .001

Note. AIC = Akaike information criterion; BIC = Bayesian information criterion; BLRT = bootstrapped likelihood ratio test

comparison for N vs N - 1 class models; ssa BIC = sample-size-adjusted Bayesian information criterion.

typologies differed. The probabilities of being
married, cohabiting, and remarrying, condi-
tional on group membership, are presented in
Figure 1 (men) and Figure 2 (women), as well
as in Tables A and B in Appendix III (available
as a supplement to the online version of this
article at http://www.ajph.org). In men, the first
and most prevalent class (n=23073; 61.8%)
consisted of men who married in their 20s or
early 30s and remained married, with this
generally being their only marriage. The sec-
ond class (n=411; 8.3%) was characterized by
men who married in their 20s or early 30s but
later divorced, with increasing cohabitation but
little remarriage by their 40s. The third class
(n=373; 7.5%) included men who mostly
never married but who cohabited from their
late 20s or early 30s onward. The fourth class
(n=467; 9.4%) included men who married in
their mid- or late 30s, preceded by cohabita-
tion in their early 30s for many, and who then

remained married. The fifth class (n=94; 1.9%)
was characterized by men who divorced in their
mid- or late 30s but who later remarried, with
many cohabiting in between. Finally, the sixth class
(n=>553; 11.1%) consisted almost exclusively of
men who never married and never cohabited.

In women, the most prevalent class (n=2209;
42%) consisted of women who married by their
early 20s, with this usually being their only
marriage up to age 44 years. The second class
(n=1215; 23.1%) was characterized by women
who married in their late 20s or early 30s, with
this being their only marriage until age 44 years.
In the third class (n=429, 8.1%) were women
who never married or married in their 20s and
subsequently separated without remarrying, and
who were more likely to cohabit from their early
30s onward. The fourth class (n=294; 5.6%)
was characterized by women who got married
and subsequently divorced in their 20s or early
30s, cohabited, and then remarried. Women
allocated to the fifth class (n=457; 8.7%)
married by their 20s or early 30s but divorced in
their mid- to late 30s, with some later cohabiting
or remarrying. The sixth class (n=652; 12.4%)
consisted almost entirely of women who never
married or cohabited.

In Table 3, we present the parameter esti-
mates (linear regression coefficients and odds
ratios [ORs], where appropriate) and corre-
sponding 95% confidence intervals (CIs) that
capture the association between the longitudi-
nal partnership status typology and biomarkers
in midlife. Men assigned to class 6 had worse
health outcomes than the reference group
(men who were married in their 20s or early
30s and who had remained married ever
since, i.e., Class 1). They had higher fibrino-
gen (b=0.034; 95% CI=0.011, 0.056),
C-reactive protein (b=0.147; 95%
CI=0.024, 0.270), and tissue plasminogen
activator antigen (b=0.061; 95% CI=0.006,
0.116) and lower FVC (b=-0.132; 95%
CI=-0.227, —0.037). Men assigned to class
2 (divorced by their late 30s but who did
not remarry) were less likely to have meta-
bolic syndrome than the reference group
(OR=0.754; 95% CI=0.575, 0.988). Men
who were not married but who had cohabited
since their late 20s or early 30s (class 3), had
lower FVC than the reference group (b=-0.103;
959% CI=-0.206, —0.001). There was evidence
of effect modification by early-life health and
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early-life socioeconomic position indicators with
respect to fibrinogen, C-reactive protein, and FVC.
The observed associations of the longitudinal
typology were more pronounced in men who
were healthy and financially comfortable during
their childhood (results available from corre-
sponding author).

A different pattern of associations emerged
in women. Women assigned to class 6 (who
never married or cohabited) had higher fi-
brinogen (b=0.028; 95% CI=0.006, 0.050)
than did the reference group (class 1; those
married in their early 20s and who were still
married). Conversely, women assigned to
class 2 (married in their late 20s or early 30s
and who had remained married since) had
the best health. Compared with the reference
group (class 1), they had lower fibrinogen
(b=-0.018; 95% CI=-0.034, —0.001) and
higher FVC (b=0.056; 95% CI=0.002,
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Note: Class 1: n=3073 (61.8%), remarried probability = 0.123. Class 2: n =411 (8.3%), remarried probability = 0.181. Class 3: n =373 (7.5%), remarried probability = 0.039. Class 4: n = 467
(9.4%), remarried probability = 0.379. Class 5: n=94 (1.9%), remarried probability = 0.917. Class 6: n =553 (11.1%), remarried probability = 0.023.

FIGURE 1—Longitudinal typologies of probability of marriage (solid black line) and cohabitation (dotted gray line) among men in (a) class 1, (b)
class 2, (c) class 3, (d) class 4, (e) class 5, and (f) class 6: British National Child Development Study, 1981, 1991, 2000, and 2002-2004.

0.110). Women who married in their 20s

or early 30s but divorced in their mid- to

late 30s, many of whom later cohabited or
remarried (class 5) were less likely to have
metabolic syndrome than the reference group
(OR=0.694; 95% CI=0.496, 0.972). We
found evidence of effect modification by
early-life health and early-life socioeconomic
position indicators with respect to fibrinogen
and FVC. The observed effects of the longitu-
dinal typology were more pronounced in
women who were healthy and financially
comfortable during their childhood (results
available from corresponding author).

DISCUSSION

A longitudinal typology of partnership status
spanning 21 years was associated with a wide
range of inflammatory and hemostatic markers
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as well as other objectively measured health
outcomes in midlife. The observed effects
differed between men and women, implying
that the mechanisms that link partnership
status and health may be gender specific.
Among men, those who never married or
cohabited had significantly higher levels on

3 hemostatic function biomarkers and worse
respiratory function than men who were mar-
ried and remained married for the duration
of the observation period. This finding is
largely in agreement with studies using self-
reported health outcomes as well as studies on
mortality. >*#171843 A different pattern of as-
sociations emerged in women. Those who
married in their mid- to late 20s or early 30s
and remained married for the whole observa-
tion period had the best health, with lower
fibrinogen levels and better respiratory function
than women who married in their early 20s.
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As expected from the previous literature,
women who never married or cohabited had
worse health than married women. However,
this effect was only manifested in fibrinogen
levels, indicating that not marrying or cohabit-
ing is less detrimental among women than men
or, as has been suggested, being married
appears to be more beneficial to men,'02044-46

We found that with the exception of worse
respiratory functioning in men, nonmarital
cohabitation has similar effects to being mar-
ried with respect to midlife health. This finding
has implications for public health policy, con-
sidering the increasing number of individuals
who choose to cohabit and not marry. Our
results are in agreement with recent findings on
self-rated health*” but contradict earlier find-
ings on depression and self-reported physical
health in the United States.*® Further research
is required to shed more light on whether
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Note. Class 1: n =2209 (42.0%), remarried probability = 0.138. Class 2: n = 1215 (23.1%), remarried probability = 0.123. Class 3: n = 429 (8.1%), remarried probability = 0.085. Class 4: n =294
(5.6%), remarried probability = 0.661. Class 5: n=457 (8.7%), remarried probability = 0.312. Class 6: n =652 (12.4%), remarried probability = 0.028.

FIGURE 2—Longitudinal typologies of probability of marriage (solid black line) and cohabitation (dotted gray line) among women in (a) class 1,
(b) class 2, (c) class 3, (d) class 4, (e) class 5, and (f) class 6: British National Child Development Study, 1981, 1991, 2000, and 2002-2004.

nonmarried cohabiters have worse health than
those who are married. Differences between
our findings and those of previous studies
could be attributable to self-reporting bias in
the latter or could reflect differences between
the United Kingdom and the United States in
the effect of nonmarital cohabitation on health
(because in the United States being married is
more strongly associated with socioeconomic
position and race/ethnicity*®~>') or differences
in time periods considered. However, addi-
tional results from the National Child Devel-
opment Study using self-rated health as the
outcome support the former explanation—at
least for cohabiting women—because they were
more likely than married women to report that
their health was poor or fair (OR = 1.408; 95%
CI=1.046, 1.898), although we observed no
differences between the 2 groups in any of the
biomarkers (results presented in Appendix VI,
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available as a supplement to the online version
of this article at http://www.ajph.org).

It appears that for both genders transitions
from and to marriage and nonmarital cohabi-
tation do not have a detrimental effect on
midlife health. We did not observe a difference
in the biomarkers used in our study between
participants who divorced and subsequently
remarried or cohabited and those who were
married for the duration of the observation
period. We also found that men who divorced
in their late 30s and did not subsequently
remarry were less likely to suffer from meta-
bolic syndrome in midlife. Both results are in
accordance with previous findings, which have
shown that after an initial decline in health,
men tend to revert to predivorce health
status.??

We found that trajectories of partnership
status over 21 years are associated with a wide
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range of biomarkers in midlife. These effects

Several explanations of the mechanism that

were observed after controlling for factors that
influence partnership status (selection) or both
partnership status and health (confounding). In
links partnership status and health have been
proposed, including fertility history, social
Strengths of this study are the inclusion of
a wide range of biomarkers as health outcomes

accordance with previous findings'®!%4#53:54
as well as with a recent UK study,>? we found

early-life socioeconomic position and early-life

health but also as a result of educational
sources of selection, confounding, and attrition

were represented by variables included in our
associated with midlife health implies that this

effect is independent of selection.
economic position.?>~>® An added complexity

that these pathways may differ between longi-
underlies the association between the longitu-
data, and despite the wealth of the 1958 cohort,
bias resulting from unknown or unmeasured
confounders cannot be ruled out. Furthermore,
our longitudinal typology captured the cumu-

in midlife, the availability of data to control for
lative influence of different trajectories of

evidence of selection mainly as a result of
attainment in early adulthood (results not
presented here; available from the corre-
sponding author). However, assuming that all
models, our finding that partnership status is
support, health-related behavior, and socio-
in understanding the proposed mechanism is
tudinal trajectories of partnership status and
may also be gender specific. This analysis is
beyond the scope of this article, but we will
address these questions in a future study in
which we will investigate the mechanism that
dinal partnership status typology and midlife
well-known selection mechanisms, and the
derivation of a longitudinal typology that
allowed us to capture trajectories of partner-
ship status over 21 years. However, several
limitations should be considered when inter-
preting our results. We used observational
partnership status on biomarkers in midlife.
Thus, we were not able to investigate the
short-term health effects of stressful events
such as marital dissolution that have been
suggested by the literature.">>° Another im-
portant limitation is that our data on partner-

biomarkers.
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ship status were based on self-report. Although

Ploubidis et al. | Peer Reviewed | Research and Practice | 1601

August 2015, Vol 105, No. 8 | American Journal of Public Health



the latent variable specification of our longitu-
dinal typology deals with measurement error
under certain assumptions for the measure-
ment error mechanism, some bias resulting
from social desirability may have influenced
our results. Finally, we note that our results can
be generalized only to those born in 1958 in
the United Kingdom and perhaps to other
cohorts born close to this year. Partnership
status trajectories as well as the association
between these and health outcomes may be
different in other—especially younger—cohorts,
and future research is needed to investigate
these possibilities. B
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