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Abstract

Purpose: We examined the differences in physical health outcomes over a 20-year period between lesbian, gay,
and bisexual (LGB) adults and heterosexual adults. We also examined whether the associations were moderated
by social support and affect.
Methods: The analytical sample included 168 LGB adults and 336 1:2 propensity-matched heterosexual adults
from the Midlife in the United States (MIDUS) study. Using negative binomial generalized estimating equations
and mixed effect analyses, data from three waves of MIDUS, spanning from 1995 to 2014, were used to examine
the associations between sexual orientation and the health outcomes (number of chronic conditions and func-
tional limitations). Social support and affect were added to the models to test for moderation.
Results: LGB participants reported almost one more chronic condition at baseline and scored significantly higher
for functional limitations. However, the number of chronic conditions for LGB participants increased less over
time than compared to heterosexual participants, and there were no significant differences in terms of changes in
functional limitation over time. Positive affect reduced the strength of the relationship between sexual orientation
and functional limitations for LGB participants. No other moderating effects were significant.
Conclusion: The results of this study suggest that LGB individuals may become resilient to the negative health
effects of minority stressors over time. Interventions should focus on improving the health of LGB individuals
when they are younger and more at risk of negative health outcomes.

Keywords: affect, chronic conditions, LGB, longitudinal, sexual orientation, social support

Introduction

One of the objectives for Healthy People 2020 was
to improve the health and well-being of lesbian, gay, bi-

sexual, and transgender (LGBT) individuals.1 However, very
few studies have examined LGBT health over time. This lack
of research exists despite the fact that 2.7 million older adults
identify as LGBT in the United States, a number that is pro-
jected to double by 2060.2 As a result, many questions re-
main regarding the relationship between sexual orientation
and health over time as well as what factors influence this
relationship.

The minority stress theory3 posits that members of a so-
cially stigmatized minority group, such as lesbian, gay, and
bisexual (LGB) individuals, experience excess stress from
additional stressors caused by discrimination and victimiza-
tion, which negatively impacts their mental and physical
health. As a result, LGB individuals are more likely to engage

in health risk behaviors4–6 that can increase the risk of
developing chronic conditions. LGB adults were also more
likely to report having poorer self-rated general health5,6

and higher levels of functional limitations4,7 or disability5,6;
however, not much is known about how these health dis-
parities between LGB and heterosexual adults change over
time.

Social support relates to better health among LGBT
individuals.5,8–10 However, it is not known whether social
support from friends vs. family acts on health differently.
LGB individuals often receive social support from friends
in the absence of biological family; this is especially true
for older LGBT adults who had to rely on friends due to
the prevalence of discrimination and stigma in the past and
have low or no social support from family.11,12

Positive affect (good mood or emotions) and negative
affect (bad mood or emotions) may also play a role in the
association between sexual orientation and health over

1School of Aging Studies, University of South Florida, Tampa, Florida, USA.
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time, affecting functional limitations13,14 and self-reported
health.14,15 However, no studies to our knowledge have in-
vestigated the role of positive or negative affect in the rela-
tionship between sexual orientation and change in health
outcomes, which leaves an important gap in knowledge.

Current study

We examined differences in physical health outcomes
over *20 years between LGB and heterosexual individuals,
using data from three waves of Midlife in the United States
(MIDUS), a nationally representative, population-based
study. In addition, we examined whether the relationship be-
tween sexual orientation and the physical health outcomes
was moderated by social support, positive affect, and nega-
tive affect. Based on the minority stress theory3 and previous
research,4–7 this study hypothesized that LGB middle-aged
and older adults would (1) report more chronic conditions
and functional limitations at baseline than heterosexual
participants and (2) the number of chronic conditions and
functional limitations reported would increase more for
LGB participants over *20 years. Finally, we expected
that there would be moderating effects of baseline social sup-
port, positive affect, and negative affect on the relationship
between sexual orientation and the two physical health
outcomes.

Methods

Participants

The MIDUS study is a nationally representative, multidis-
ciplinary study of middle-aged and older adults. This study
used data from Wave 1 (1995–1996), Wave 2 (2004–
2006), and Wave 3 (2013–2014) of the MIDUS study. The
Wave 1 sample had a total of 7108 participants. Approxi-
mately 70% of participants from Wave 1 (n = 4963) contin-
ued to participate in the first follow-up (Wave 2) of the
study. The second follow-up (Wave 3) consisted of 3294 par-
ticipants; no new participants were recruited during these
three waves. To be included in this study, participants had
to have responded to the sexual orientation question during
Wave 1 (n = 6126). At baseline, 94 participants identified
as homosexual, 74 as bisexual, and 5958 as heterosexual.
Homosexual and bisexual participants were combined into
an LGB subgroup (n = 168). To reduce selection bias, two
heterosexual participants were matched to each LGB partic-
ipant using propensity score matching16 (described in the
analysis section). The final analytical sample (n = 504) for
this study included 168 adults that self-identified as LGB
and 336 matched heterosexual adults. This study was deemed
exempt from review by the Institutional Review Board (IRB)
at the University of South Florida as it was a retrospective
study of existing publicly available, deidentified data. The
original MIDUS study was approved by the IRB at the
University of Wisconsin-Madison.

Measures

Dependent variables

Chronic conditions. For each wave, participants were
asked a series of questions about whether they have various

chronic conditions (e.g., stroke, high blood pressure, and di-
abetes). These conditions were then separately summed to
create composite variables of the total number of chronic
conditions reported by each participant with a maximum
of 30 chronic conditions for each wave. The list of the
30 chronic conditions are found in Supplementary Data
(Supplementary Appendix SA1).

Functional limitations. The nine items for functional
limitations are from the Medical Outcomes Study (MOS)
36-item short-form health survey (SF-36).17 The items
asked how much the participant’s health limited their ability
to perform two basic activities of daily living (ADLs) and
seven instrumental ADL (IADLs). ADLs included bathing/
dressing and walking one block. IADLs included lifting/
carrying groceries, climbing several flights of stairs,
bending/kneeling/stooping, walking more than one mile,
walking several blocks, moderate activities (e.g., vacuum-
ing), and vigorous activities (e.g., running). Responses
ranged from (1) a lot to (4) not at all. The items were reverse
coded so higher values indicated more functional limitations.
For each wave, the two scales were combined and averaged
to have an overall functional limitation outcome variable
with higher scores indicating more functional limitations.
Due to averaging, this measure was treated as a continuous
variable in analyses.

Level 2 predictor

Sexual orientation. Participants were asked whether they
identified as homosexual, heterosexual, or bisexual. For this
study, homosexual (lesbian/gay) and bisexual participants
were combined into an LGB subgroup and were compared
to a propensity matched heterosexual subgroup.

Positive affect and negative affect. Positive affect was
measured with a six-item scale that asked participants how
much of the time they felt cheerful, in good spirits, extremely
happy, calm and peaceful, satisfied, and full of life, during
the past 30 days. Negative affect was measured with a six-
item scale that asked participants how much of the time
they felt so sad nothing could cheer them up, nervous, rest-
less, hopeless, that everything was an effort, and worthless,
during the past 30 days. Responses ranged from (1) all of
the time to (5) none of the time. For both positive and nega-
tive affect, composite variables were constructed that com-
bined and averaged the six items for each variable. The
values were recorded for each variable so higher scores indi-
cated higher levels of positive and negative affect.

Social support. Participants were asked a series of ques-
tions about how much their friends and family support them.
These questions included asking about whether friends/
family really care about the participant, understand the
way they feel, whether the participant can rely on them for
help with problems, and whether the participant feels they
can open up to them about their worries. Responses ranged
from (1) a lot to (4) not at all. Separate composite variables
were constructed for support from friends and support from
family. Responses were reverse coded so higher values indi-
cated higher levels of support.
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Level 1 predictor

Time. Time was operationalized as the three time points
(waves) in this study that spanned *20 years: Wave 1
(1995–1996), Wave 2 (2004–2006), and Wave 3 (2013–
2014) of the MIDUS study.

Covariates. Age (years), sex (male/female), education
(high school vs. less than high school), and race (White/
non-White) were covariates, as these variables can confound
the association between sexual orientation and the outcome
variables. All covariates included in this study were self-
reported.

Statistical analyses. All statistical analyses for this study
were performed using SAS, version 9.4 (SAS Institute Inc.,
Cary, NC). Propensity score matching16 improves the accu-
racy of inferences made based on the results of the analyses
and reduces bias on known covariates by matching het-
erosexual participants to LGB participants. To create the
matched sample, propensity scores were estimated using
a logistic regression with sexual orientation as the dependent
variable, adjusted for the covariates (age, sex, education, and
race). Using the greedy propensity score matching add-on in
SAS,16 two heterosexual participants were matched to each
of the LGB participants based on the estimated propensity
score. Greedy matching makes the best matches first based
on eight digits of the propensity score. When a match cannot
be made using eight digits, the algorithm attempts to match
based on seven digits of the propensity score. This contin-
ues until no matches can be made based on one digit of the
propensity score. To confirm the balance between the two
groups, chi-square and t-tests were conducted. Chi-square
and t-tests were also used to examine the differences between
dropouts after the first wave and participants with data from
other waves.

The PROC GENMOD procedure in SAS was used to an-
alyze the association between sexual orientation and chronic
conditions over *20 years. To account for the large number
of responses of zero chronic conditions (24% of participants
in Wave 1, 27% in Wave 2, and 17% in Wave 3), we used
generalized estimating equation (GEE) analyses with zero-
inflated negative binomial distribution. GEE analyses are
robust against violations of normality that often occur with

count variables that are usually skewed due to the large num-
ber of responses at the lower end. GEE analyses also can use
all available longitudinal data rather than excluding cases with
missing data, if the data are missing at random. To examine
the association between sexual orientation and functional lim-
itations over time, we assessed the functional limitation mea-
sure as a continuous dependent variable with mixed effect
models, using the PROC MIXED procedure in SAS.

The potential moderating effects of positive affect, nega-
tive affect, and social support (family and friend) on the
association between sexual orientation and the health out-
come measures were assessed by stratifying each moderator
above and below its median and including the product of
the moderator and the independent variable in the models.
Because of the unique matched sample, survey weights
were not applied to the data.

Results

Dropouts after the first wave (n = 168) were more likely to
be non-White than those with at least two waves of data
(n = 333) (89% vs. 95%, p = 0.04); there were no significant
differences in age ( p = 0.35), sex ( p = 0.20), or education
( p = 0.12). After matching, the heterosexual group (n = 336)
was the same age on average as the LGB group ( p = 0.99),
had approximately the same percentage of participants that
had some college education or more ( p = 0.89), and was
also more balanced in sex ( p = 0.29) and race ( p = 0.53).
On average, LGB participants had significantly higher base-
line functional limitation scores ( p < 0.01) and more chronic
conditions ( p < 0.001) than the matched heterosexual group.
LGB participants scored significantly higher in baseline neg-
ative affect ( p < 0.001) and significantly lower in positive af-
fect ( p < 0.01) and social support from family ( p < 0.001);
there was no significant difference in baseline social support
from friends ( p = 0.13). Table 1 displays all baseline compar-
isons of the LGB and heterosexual participants before and
after propensity score matching.

Table 2 displays the results of the GEE analysis using the
propensity-matched sample for the association between sex-
ual orientation and number of chronic conditions. The results
revealed a higher number of chronic conditions among LGB
compared to heterosexual participants at baseline (b = 0.39,
standard error [SE] = 0.09, p < 0.001). The calculated odds

Table 1. Comparisons of Lesbian, Gay, and Bisexual Participants and Heterosexual Participants

at Wave 1 Before and After Propensity-Score Matching

Variables

LGB
participants

(n = 168)

All heterosexual
participants
(n = 5958) p

Propensity-matched
heterosexual participants

(n = 336) p

Age, M (SD) 42.83 (12.52) 46.84 (12.88) <0.001 42.83 (12.50) 0.99
Sex (% male) 54% 48% 0.10 49% 0.29
Education (% some college or more) 67% 63% 0.44 67% 0.89
Race (% White) 94% 91% 0.12 92% 0.53
Positive Affect, M (SD) 3.22 (.81) 3.39 (.72) <0.01 3.34 (.68) <0.01
Negative Affect, M (SD) 1.85 (.88) 1.53 (.61) <0.001 1.53 (.59) <0.001
Social Support from Family, M (SD) 3.16 (.78) 3.44 (.61) <0.001 3.43 (.59) <0.001
Social Support from Friends, M (SD) 3.30 (.70) 3.23 (.66) 0.22 3.20 (.71) 0.13
Number of chronic conditions, M (SD) 3.12 (2.94) 2.37 (2.47) <0.001 2.31 (2.35) <0.001
Functional Limitations, M (SD) 1.47 (.75) 1.35 (.58) <0.01 1.35 (.58) <0.01

LGB, lesbian, gay, and bisexual; M, mean; SD, standard deviation.
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ratio [OR] indicated that LGB individuals were 48% more
likely to have an extra chronic condition at baseline
(OR = 1.48, 95% confidence interval [CI] = 1.24–1.76).

There was an increase in the number of chronic conditions
over time (b = 0.20, SE = 0.04, p < 0.001), indicating a 22%
increase in the odds of having an extra chronic condition
after 10 years (OR = 1.22, 95% CI = 1.14–1.31). The interac-
tion effect of time*LGB indicated that the number of chronic
conditions for LGB individuals increased less over time com-
pared to heterosexual adults, but the effect only approached
statistical significance (b =�0.12, SE = 0.06, p = 0.06).
Figure 1 illustrates the differences in the number of chronic
conditions between the two groups over time in a line graph.

Table 3 summarizes the results of the mixed effects model
using the propensity-matched sample for the association be-
tween sexual orientation and functional limitations over
time. The average baseline functional limitation score for
LGB participants was significantly higher than the score
for heterosexual participants (b = 0.12, SE = 0.06, p < 0.05).
There was also a significant effect of time, indicating that
the increase in functional limitation scores over time for het-
erosexual participants was significant (b = 0.18, SE = 0.03,
p < 0.001). There was no significant effect of time*LGB, in-
dicating that, compared to heterosexual participants, LGB
participants did not differ significantly in the change in func-
tional limitation scores over time.

Moderation analyses

Table 4 summarizes the results of the stratified GEE
analyses for each moderator and the p values for the
time*moderator*LGB interactions, indicating whether
the moderating effects were significant. Figure 2 depicts the
moderated associations between sexual orientation and the
number of chronic conditions over time. Although being
high or low in the moderators did change the baseline number
of chronic conditions and the trajectory over time for LGB
and heterosexual participants, only social support from
friends significantly moderated the association ( p = 0.0455);
no other moderating interaction terms were significant.
Finally, for the association between sexual orientation and
functional limitations, there was a significant moderating
effect of positive affect ( p < 0.01). Figure 3 shows the asso-
ciation between sexual orientation and functional limitations
over time (a) and the moderating effect of positive affect (b).
No other moderator affected the association and will not be
discussed further.

The results were obtained from a sample matched for the
propensity to be LGB. Although comparisons in Table 1 pro-
vide evidence that the matching was successful, we ran addi-
tional analyses controlling for the same covariates that were
included in the matching procedure. The results of these an-
alyses did not change substantially after further controlling
for the covariates and, therefore, are not reported.

Discussion

We sought to examine differences in physical health out-
comes between LGB and heterosexual individuals, as well
as potential moderation of these differences by social sup-
port, positive affect, and negative affect, over *20 years.
We found that LGB participants reported almost one more
chronic condition at baseline than did heterosexual partici-
pants. However, over time, the number of chronic conditions
increased less rapidly for the LGB participants compared to
the heterosexual participants (Fig. 1). Furthermore, LGB
participants had significantly higher functional limitation

Table 2. Results of Generalized Estimating

Equation Analysis of the Association Between

Sexual Orientation and Number of Chronic

Conditions Over Approximately 20 Years

Parameter b (SE) p OR (95% CI)

Intercept 0.69 (0.06) <0.001 2.00 (1.78–2.24)
Time 0.20 (0.04) <0.001 1.22 (1.14–1.31)
LGB 0.39 (0.09) <0.001 1.48 (1.24–1.76)
Time*LGB �0.12 (0.06) 0.06 0.89 (0.78–1.00)

The beta coefficient (b) values were calculated from the logs of
the expected count as a linear function of sexual orientation.

CI, confidence interval; OR, odds ratio; SE, standard error.

FIG. 1. The number of
chronic conditions over three
waves of the MIDUS study,
*20 years. The figure mod-
els the results of the negative
binomial GEE analysis for
the association between sex-
ual orientation and number of
chronic conditions. The val-
ues for numbers of chronic
conditions are the logs of the
expected count as a linear
function of sexual orienta-
tion. GEE, generalized esti-
mating equation; LGB,
lesbian, gay, and bisexual;
MIDUS, Midlife in the
United States.
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scores on average compared to heterosexual participants.
Longitudinally, our results indicated no significant differ-
ences in the change of functional limitation scores over the
20-year span between LGB and heterosexual individuals.
These results corroborate previous findings of poorer health
outcomes for LGB individuals4–6,18 and may indicate that
LGB individuals become more resilient to the negative
effects of minority stress over time.

Previous studies have found similar evidence of health dis-
parities between LGB and heterosexual adults; however, no
study to our knowledge has examined these health disparities
over time. Although cross-sectional studies have found that
LGB individuals are more likely to report poorer physical
health and more functional limitations,4,9,19 our longitudinal
findings suggest that there may be a threshold where LGB
health starts to reverse course relative to heterosexual adults,
showing a slower rate of decline with age. In fact, the number
of chronic conditions almost converged when viewed over
time (Fig. 1). This may suggest that LGB individuals become
more resilient to the negative health effects of minority stress
over time. Findings from previous studies have found evi-
dence of possible resilience in LGB adults.6,9,20 Further re-
search is needed to corroborate this notion, including the
possible underlying mechanisms such as resilience.

Moderation results

Comparing the graphs in Figure 2 to the graph in Figure 1
shows that the moderators did affect the baseline number of
chronic conditions and the overall trajectory for LGB and
heterosexual participants over the 20-year span; however,
only social support from friends significantly moderated
the association. Contrary to previous findings, LGB individ-
uals seemed to be affected negatively by having higher social
support from friends in terms of the change in the number of
chronic conditions. It may be that LGB individuals with low
social support from friends may have to rely on themselves
more over time, increasing their resilience to the negative
health effects of minority stressors. These results contradict
previous research that found that higher social support
in general resulted in better health outcomes.5,8,9 However,
these studies did not differentiate between social support
from friends versus from family and did not include analysis
of change.

Only positive affect significantly moderated the asso-
ciation between sexual orientation and functional limita-
tions. Namely, LGB individuals with lower positive affect
appeared to have slightly higher functional limitation scores
at baseline and their scores increased over time. In contrast,
LGB individuals with higher positive affect had lower

Table 3. Results of Mixed Effects Analysis

of the Association Between Sexual Orientation

and Functional Limitations Over

Approximately 20 Years

Parameter b (SE) p

Intercept 1.35 (0.04) <0.001
Time 0.18 (0.03) <0.001
LGB 0.12 (0.06) 0.047
Time*LGB �0.01 (0.05) 0.79
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functional limitations at baseline and their functional limita-
tion scores decreased over time. It is possible that LGB indi-
viduals become more resilient over time due to their
experiences with minority stressors and show slower pro-
gression of functional limitations with age. Previous research
has found that baseline positive affect was predictive of fu-
ture functional limitations.13,14 However, positive affect
did not moderate the relationship between sexual orientation

and the number of chronic conditions over time, indicating
that this moderating effect may not persist over time.

Strengths and limitations

First, this is one of the first longitudinal analyses of LGB
older adults’ health disparities. No previous studies to our
knowledge have examined differences in physical health

FIG. 2. Moderated GEE analyses showing the moderated associations between sexual orientation and number of chronic
conditions over three waves of the MIDUS study, an *20-year span. The moderating variables include (a) family social sup-
port, (b) friend social support, (c) positive affect, and (d) negative affect. For each moderator, values greater than the median
are referred to as high and values less than or equal to the median are referred to as low. The values for numbers of chronic
conditions are the logs of the expected count as a linear function of sexual orientation.

FIG. 3. The figure on the left (a) displays the association between sexual orientation and functional limitation scores over
three waves of the MIDUS study, an *20-year span. The figure on the right (b) displays the significant moderating effect of
positive affect ( p < 0.01). High positive affect is categorized as being above the median value (3.5), and low positive affect
includes values at or below the median.
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over time between LGB and heterosexual adults. Second, we
used propensity score matching, which improves the accu-
racy of inferences based on observational data. Using only
heterosexual participants who matched the LGB participants
in terms of the propensity to be in the latter group helps con-
trol for measured and unmeasured confounds, which could
contribute to differences in health. Finally, this study used
a nationally representative population-based sample.

Among study limitations, there were missing data and at-
trition (one-third of the sample participated in the first wave
only), which are common in longitudinal studies. Fortu-
nately, with GEE and mixed effects modeling, all observa-
tions can be used in the analyses as long as the data are
missing at random, which was assumed in this study. Our
study used self-reported measures, which may result in
biases that could affect the results. Furthermore, we used
baseline social support and affect as moderators and did
not examine the moderating effects of changes in these var-
iables over time. However, previous examination of positive
and negative affect in MIDUS found only minor, nonsignif-
icant changes in affect within individuals over the 20-year
span, indicating that positive and negative affect scores re-
main relatively stable over time.21 We found the same results
for our sample and also found that social support was not sig-
nificantly different over time. This study only used baseline
sexual orientation data, even though longitudinal data are
available. This was because we were interested in associating
baseline characteristics with change over time. In addition,
only about 2% of participants reported a different sexual ori-
entation at a subsequent wave,22 which is too small a sample
for any statistical analysis, but the few cases reporting
change in sexual orientation later are also extremely unlikely
to have any impact on our results. Finally, we were unable to
assess differences by subgroup as there were only 53 gay
men, 38 bisexual men, 41 lesbian women, and 36 bisexual
women. We were also unable to include transgender individ-
uals in our analyses due to gender identity data not being
available in MIDUS. Previous research4,6,18 has found differ-
ences in health disparities by subgroup and by gender, indi-
cating that this is an important question that needs further
investigation in future research.

Conclusions

As our results suggest that LGB individuals may have
worse health when they are younger but may become more
resilient as they age, increasing knowledge of this possibility
and promoting good mental health early on may provide the
best outcomes in older adulthood. Future research should
continue to examine LGB individuals longitudinally to as-
sess the trajectory of their health disparities and consider
variability in resilience by sexual orientation as a feasible
explanatory factor.
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