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Abstract

Study Objectives: Sex differences are related to both biological factors and the gendered environment. We constructed measures to
model sex-related differences beyond binary sex.

Methods: Data came from the baseline visit of the Hispanic Community Health Study/Study of Latinos (HCHS/SOL). We applied
the least absolute shrinkage and selection operator penalized logistic regression of male versus female sex over sociodemographic,
acculturation, and psychological factors jointly. Two “gendered indices,” the gendered index of sociodemographic environment (GISE)
and gendered index of psychological and sociodemographic environment, summarizing the sociodemographic environment (GISE)
and psychosocial and sociodemographic environment (GIPSE) associated with sex, were calculated by summing these variables,
weighted by their regression coefficients. We examined the association of these indices with insomnia, a phenotype with strong sex
differences, in sex-adjusted and sex-stratified analyses.

Results: The distribution of GISE and GIPSE differed by sex with higher values in male individuals. In an association model with
insomnia, male sex was associated with a lower likelihood of insomnia (odds ratio [OR] = 0.60, 95% CI [0.53, 0.67]). Including GISE in
the model, the association was slightly weaker (OR = 0.63, 95% CI [0.56, 0.70]), and weaker when including instead GIPSE in the asso-
ciation model (OR = 0.78, 95% CI [0.69, 0.88]). Higher values of GISE and of GIPSE, more common in the male sex, were associated with
a lower likelihood of insomnia, in analyses adjusted for sex (per 1 standard deviation of the index, GISE OR = 0.92, 95% CI [0.87, 0.99],
GIPSE OR = 0.65, 95% CI [0.61, 0.70]).

Conclusions: New measures such as GISE and GIPSE capture sex-related differences beyond binary sex and have the potential to
better model and inform research studies of sleep health.
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Statement of Significance

mately improve health disparities.

Sex differences are complex, as they are determined by sex chromosomes and reproductive organs, while lifestyle and environ-
mental factors also interact with these determinants to influence the expression of biological sex. Here, we used data from the
Hispanic Community Health Study/Study of Latinos (HCHS/SOL) to develop “gendered indices”: variables that have different distri-
butions in male and female individuals, but that are made up completely of non-biological variables. We show that the gendered
indices explain some of the (binary) sex variable association with insomnia. Further, within male and female strata, the gendered
indices are associated with insomnia with the same effect size estimate as in the combined dataset. This approach has the poten-
tial to improve modeling and understanding of determinants of sex differences in insomnia and other health measures, and ulti-

Sex differences are observed in many aspects of health [1-4].
Modern genomics, epigenomics, and other omics technologies
have advanced the study of sex differences [5-7]. Yet, the rela-
tionship between sex and health is more complicated than deter-
mined by binary definitions of sex as male or female. Table 1
provides an overview of terms and definitions related to sex and
gender that are relevant for public health research and for this
manuscript. First, sex differences are driven by a range of poten-
tial biological sex effects. Here, “biological sex effects” refer to the
collection of biologically measurable quantities related to sex,
such as sex chromosome combinations, X-linked genes, repro-
ductive organs and history, and sex hormone levels. The latter are
related to, but are not completely determined by, the genetic cat-
egories of male and female sex as XY and XX sex chromosome
combinations, which characterize more than 99% of individuals
[9-11]. Sex hormone levels change with age, for all individuals
regardless of chromosomal combinations. Thus, biological sex
effects encompass a range of nonbinary, time-varying, effects.
Second, additional health effects are due to sociocultural factors
reflecting “gendered” structural and social environment, i.e. dif-
ferences in occupation, income, educational attainment, family
roles, etc., experienced by men, women, and nonbinary individ-
uals [12]. The gendered environment of an individual is impacted
by their sex assigned at birth (Figure 1), as well as by their gender
identity and other gender dimensions [8]. Finally, sociocultural
“gender”-related factors may also intersect, affect, and inter-
act with biological sex effects [13, 14]. Indeed, both biological
effects and dimensions of gender have been shown to contribute

Table 1. Sex- and Gender-Related Terms Used in this Manuscript

to differences in cardiovascular outcomes between women and
men [15]. With this complexity in mind, we note that studies of
sex differences in health, compared to studies examining sex- or
gender-specific health determinants, still primarily focus on strata
of men and women (sometimes implicitly assuming a one-to-one
correspondence between binary sex and gender identity of man or
woman). Thus, even when other biological and sociocultural fac-
tors are utilized, they are ultimately used to explain differences
between two dichotomous groups. This manuscript addresses the
issue of assessing sex differences within the context of two sex
strata while improving upon the dichotomization of sex.

A prime example of the multi-faceted sex-related effects on
health is sleep, because it demonstrates strong sex differences
[16, 17], with some differences clearly driven by biology [18]
and others likely driven by the gendered environment [19, 20],
including occupation, health status, and social habits ( [21, 22].
The association is also bidirectional because sleep habits/expo-
sures such as sleep restrictions and sleep patterns related to
shift work, may affect hormonal levels, including sex hormones
which impact biological sex differences [23-25]. Furthermore, of
all behaviors, the impact of sleep is of major interest because it is
intimately related to many if not all aspects of health in general
[26, 27]. For these reasons, it is important to try to disentangle
sex-related effects on sleep, and more generally, on health and
disease, to better understand modifiable components of sleep
health, in men, women, and all individuals.

Here, we develop gendered indices, which are data-reducing
summaries of non-biological, sociodemographic measures. They

Term/expression Meaning and context in this manuscript

Sex differences

Differences between two groups: females and males. These groups may not be defined biologically or by gender

identity, often because appropriate data are lacking, i.e. there may not be information about sex chromosomes.

Biological sex effects

Sex assigned at birth

Binary sex

Objective measures of biological factors related to sex, such as sex chromosomes, sex hormones, reproductive
organs and history, menopause, and puberty.

Sex is assigned at birth, typically by a physician according to observed physiological organs.

The categorization of individuals to male and female sex, typically with the intention to reflect underlying binary

biological sex. Historically, binary sex definitions may not be accurate as individuals may be categorized into
binary sex groups without an explicit check of the biological definition of sex chromosomes, and are categorized
instead based on gender identity or perceived gender. In research that does not focus on sex and/or gender
minorities, Individuals may be excluded from analyses focusing on binary sex.

Gender dimensions
relations; and power.

Gender identity

Barr et al. [8] described four gender dimensions that relate to health: identity and expression; roles and norms;

A person’s sense of their own gender. In this study, we do not have data about self-reported gender identity.

Gendered environment The idea is that individuals of different gender expressions experience the world differently through differences in the
environment available to them. This is reflected in differences in the distribution of demographic and sociocultural
measures between individuals of different sexes assigned at birth (here focus on males and females).
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Figure 1. Model of sex and gender effects on sleep and health. Conceptual model of sex and gender effects on sleep. Biological sex (male, female,
or intersex) is determined pre-birth though it may not be observed, sex is assigned at birth, usually matching the biological sex as more than 99%
of individuals are either male or female. Biological sex, where in this work we focus on binary sex, leads to biological sex-related factors, and sex

assigned at birth leads to demographic, acculturation, and sociocultural (not well measured in our data, hence grayed) factors via their gendered

characteristics. These may affect psychological measures and sleep, which interact. Downstream, these may affect other health outcomes (not

investigated here, hence grayed).

are not developed to reflect nor to quantify gender identity, but
rather, to summarize non-biological measures experienced by
men and women independent of the direct effects of sex. We use
the term “gendered” rather than, say, “sexed,” because differences
in the indices distribution between male and female individuals
are due to non-biological measures that are available in this data-
set. These indices are constructed using measures available in the
Hispanic Community Health Study/Study of Latinos (HCHS/SOL)
that are associated with binary sex. Our goal is to concisely sum-
marize non-biological measures related to the gendered envi-
ronment into a “gendered index” to be used when studying sex
differences and sex-related determinants of health. We demon-
strate the utility of these indices in studying sex differences in
insomnia, a sleep disorder with strong sex differences—insomnia
is approximately 1.5 times more common in female compared
to male adults [28, 29]. HCHS/SOL participants are Hispanic and
Latino adults, typically first- (i.e. foreign-born with foreign-born

parents) or second-generation (i.e. foreign-born with at least
one US-born parent) immigrants to the United States, and often
of low socioeconomic status. As such, we included measures of
acculturation (i.e. of the level of assimilation, or acceptance, of
the dominant US culture compared to the country-of-origin cul-
ture [30]) and, in secondary analysis, psychological measures of
depression and anxiety, as these are also determinants and/or
correlates of both sleep health and health in general, which may
show gendered patterns.

Methods
The Hispanic Community Health Study/Study of
Latinos

Data were collected from the Hispanic Community Health
Study/Study of Latinos (HCHS/SOL) epidemiologic study. The
purpose of the HCHS/SOL has been to evaluate the prevalence
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of cardiovascular disease (CVD) risk factors, and to study the
roles of CVD risk factors, socioeconomic, and genetic fac-
tors in the development of cardiovascular disease in the
Hispanic/Latino population [31-33]. HCHS/SOL participants
were selected for the study via a two-stage sampling design as
previously described [34]. In brief, the target population was
defined as all non-institutionalized, self-identified, Hispanic/
Latino adults aged 18-74 years, from four US metropolitan
areas: Miami, San Diego, Chicago, and the Bronx area of New
York. Older adults aged 45-74 were oversampled, but there
were no other inclusion or exclusion criteria. Our project used
data from the baseline HCHS/SOL visit which took place in
2008-2011 and included 16 415 participants. At baseline, sex
was included in the questionnaire form and labeled “Gender”
with potential responses being “Male” or “Female.” We refer to
this variable as “reported sex,” because it was ascribed by the
interviewer. This variable likely represents assigned sex at birth
and may not describe gender identity. No options for categori-
zation as intersex/difference in sexual development or identifi-
cation as nonbinary or transgender were provided at baseline.
However, these options have been added as part of HCHS/SOL
Visit 3 which was completed in early 2024 [35] and will become
available in the future.

Insomnia symptoms measure

Insomnia symptoms were assessed in the HCHS/SOL baseline
exam using the Women Health Initiative Insomnia Rating Scale
(WHIIRS [36]). The WHIIRS is a 5 items instrument querying
participants’ symptoms of insomnia in the past 4 weeks. The
first four items are the questions: “Did you have trouble fall-
ing asleep?,” “Did you wake up several times at night?,” “Did
you wake up earlier than you planned to?,” and “Did you have
trouble getting back to sleep after you woke up too early?.” The
responses to these questions are “No, no in the past 4 weeks” (0
points), “Year, less than once a week” (1 point), “Yes, 1 or 2 times
a week” (2 points), “Year, 3 or 4 times a week” (3 points), and “Yes,
5 or more times a week” (4 points). The fifth item is the state-
ment “Overall, was your typical night’s sleep during the past 4
week,” with responses “Very sound or restful,” “Sound or restful,”
“Average quality,” “Restless,” “Very restless” (points ranging from
0 to 4). Responses to all items are summed to indicate the sever-
ity of insomnia symptoms (with higher scores indicating more
symptoms). The WHIIRS was developed by the Women's Health
Initiative (WHI) study researchers, where WHI is a large study of
postmenopausal women [37]. The measure was assessed in pop-
ulations of postmenopausal women with validity ascertained
based on (1) test-retest reliability over the same day (correlation
0.96) and up to more than 1 year later (correlation 0.66) [36],
(2) convergent validity, based on correlations of WHIIRS scores
with other outcomes related to insomnia being in the expected
direction [36, 38].

Insomnia was defined by dichotomizing the responses to the
WHIIRS such that WHIIRS >10 was defined as having insomnia,
and no insomnia if WHIIRS <10. This cutoff is used based on the
original publication reporting that it resulted in a probability of
0.65 to correctly predict those with insomnia and those with-
out [36]. Because a dichotomized insomnia measure has a more
intuitive interpretation, our analyses focused on the dichoto-
mized insomnia measure. However, we repeated some analyses
with WHIIRS quantified continuously as secondary results, as
described in the relevant sections.

»

Demographic, acculturation, and psychosocial
measures, and assessment of associations with
sex and insomnia

We selected sociodemographic variables that are typically
associated with sex from the HCHS/SOL study. These variables
included marital status, household income level, employment
status, longest-held occupation type, language preference, lan-
guage acculturation subscale, social acculturation subscale,
both extracted from the short acculturation scale for Hispanics
[39], ethnic identity score (average of two 7-point Likert scale
items: “I have a strong sense of belonging to my own ethnic
group” and “I have a lot of pride in my ethnic group”), current
health insurance status, number of years lived in the United
States, number of years of education, and psychological scores:
the Spielberger Trait Anxiety Inventory scale (STAI10) meas-
uring anxiety [40], and the Center for Epidemiological Studies
Depression scale (CESD10) measuring depression symptoms
[41]. Because one of the CESD10 questions refers to quality of
sleep (“my sleep was restless”), and we are interested in insom-
nia which is related, we recomputed the responses to this
questionnaire, to generate “CESD9,” excluding the sleep-related
question. For interpretation purposes, we re-weighted the
resulting score, dividing by 9 and multiplying by 10, so it is on
the same scale as the standard CESD10. In all association anal-
yses, we controlled for the covariates age, Hispanic/Latino back-
ground, and study center. We refer to these as covariates, while
we refer to other variables explicitly as sex, socioeconomic var-
iables, or psychological variables. We used the R survey package
[42] to characterize the study population by sex, accounting for
survey design and weights so that estimates are generalizable
for the HCHS/SOL target population.

We evaluated the associations of these variables with sex using
multinomial regression; each variable was treated as an outcome
and individually regressed over sex as an exposure (adjusted to
covariates) using the suy_VGAM package (version 1.2) to allow for
the inclusion of multiple levels of a variable within the sample
survey analysis framework. We next used multivariable survey
logistic regression to measure the association of each sociode-
mographic variable with insomnia while adjusting for covariates,
and with and without adjusting for sex. In these analyses, insom-
nia was the outcome variable. In secondary analysis, we also
evaluated the sex-specific associations of these variables with
insomnia, in association analysis limited to each sex stratum, and
tested for differences in associations between sex strata by fit-
ting a model, using the sex-combined data, with a sex interaction
term with the variable of interest. The p-value for the interaction
test is the association p-value of the relevant multiplicative sex
interaction term. Because interaction analyses have low statisti-
cal power when binary traits are used (such as sex), compared to
main effect analyses, we also included sex-stratified and interac-
tion testing with WHIIRS scores, rather than insomnia, as the out-
come, as continuous outcomes have increased power compared
to their dichotomized versions.

Missing data imputation

We visualized missing patterns in data using the R naniar pack-
age (version 1.0.0). We performed both a complete-case analysis
(primary) and a sensitivity analysis based on imputed data. The
sensitivity analysis was performed by imputing the data five times
with the mi R package (version 1.1) and follow-up analysis in each
imputed dataset as described below. The mi function performs



regression-based predictive imputation, and we used default val-
ues (other than the use of 5 imputations, whereas the default is 3).

Development of gendered indices: gendered
index of sociodemographic environment
and gendered index of psychological and
sociodemographic environment

Using the sociodemographic variables in Table 2, we created two
gendered indices: the gendered index of the sociodemographic
environment (GISE; primary), which included all of the consid-
ered sociodemographic variables, and the gendered index of the
psychological and sociodemographic environment (GIPSE; sec-
ondary), which included these variables as well as participants’
CESD9 scores and STAI10 scores. These indices were created
using a least absolute shrinkage and selection operator (LASSO)
regression with the glmnet package (version 4.1-7). This model
regressed sex on these variables with penalization and potential
variable selection. A tuning parameter A was used to control the
level of penalization. Cross-validation was performed to select
the tuning parameter value based on the minimization of the
mean-squared-error. Next, the complete dataset was used with
the selected tuning parameter value to train the LASSO model.
The result of the LASSO regression is a set of coefficients cor-
responding to each sociocultural (GISE) or sociocultural and
psychological (GIPSE) measure, with some coefficients being
potentially zero. Both GISE and GIPSE were formed by extract-
ing the fitted values from each of the two LASSO models. In the
secondary analysis, we also computed indices in each of the
imputed datasets and averaged the indices across the imputed
dataset for visualization.

Secondary analysis: verifying the consistency of
relationships between variables used and with
reported sex

It is possible that the gendered indices are associated with sex
due to overfitting the data, as they are constructed by optimiz-
ing their association with sex. To verify that GISE and GIPSE
are indeed gendered (meaning, have different associations by
sex), and that observed sex differences in the indices distribu-
tions are not the result of overfitting to the data, we ran a sec-
ondary analysis utilizing a training and testing set approach,
by splitting the HCHS/SOL dataset into separate training and
testing sets. Some of HCHS/SOL individuals were sampled from
the same household. Such individuals may share similar socio-
demographic and cultural environments. To ensure that the
training and testing sets are independent, we verified that if
an individual was in the training set, then another HCHS/SOL
individual from the same household was not in the testing set.
Thus, the training and testing sets were created by grouping all
individuals with the same primary sampling unit (PSU) identi-
fication number into only the training or only the testing set.
Finally, the training/testing sets were created using a 70%-30%
split of the PSUs.

In another secondary analysis, we assessed whether the rela-
tionship among sociodemographic measures differed between
males and females. We performed principal component analysis
within each sex stratum. We compared via visualization the load-
ings of the first male-specific and female-specific PCs to study
whether the distribution of sociodemographic measures appears
different between the sex strata.
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Association analysis of sex and gendered indices
with insomnia

We scaled the indices by dividing them by their standard deviation
as computed in the complete-case analysis to increase the inter-
pretability of the otherwise dimensionless variables. To measure
the associations of GISE and GIPSE with insomnia, insomnia was
regressed on each gendered index separately in a survey logistic
regression, adjusted for the covariates, including sex. The coef-
ficient of reported sex and of the gendered indices were used to
measure, correspondingly, the effects of binary sex and of the
gendered environment independently of binary sex effects. The
proposed interpretation of the estimated associations of GISE and
GIPSE with insomnia is that they represent sex-related effects
that are explained by demographic, sociodemographic, and psy-
chological (GIPSE) variables, on insomnia.

Because our working assumption is that the gendered indi-
ces mediate sex effects on insomnia via the sociodemographic
gendered environment, we also fit a detailed association model
in which insomnia was regressed on reported sex while adjust-
ing for all the components of each of the indices, instead of GISE
and GIPSE themselves. The goal was to assess whether the esti-
mated effect of reported sex is similar in the case where only
the gendered index is used compared with the case where each
component variable is used individually. Finally, to analyze the
relationship between insomnia and each of the indices within
each sex group, we also performed sex-stratified analyses.

In addition to the estimation of sex and gendered indices asso-
ciations, as well as of the sociodemographic variables when used
separately, we also computed the psuedo-R?, a measure of model
prediction that is applicable for complex survey analyses [43].
This was done in the sex-combined and sex-stratified analyses.

Because association analysis with a binary, dichotomized,
measure usually has lower statistical power compared with asso-
ciation analysis with the underlying continuous measures, we
repeated the same analyses with continuously assessed WHIIRS
scores as the outcome. The analyses followed the same approach
other than the use of survey linear, rather than logistic regression.

Sensitivity analysis: gendered indices in imputed
datasets

A new index was computed for each imputed dataset. Then, for
each dataset, we repeated the association analysis with insom-
nia and applied Rubin’s rule to combine the estimated effects. We
also computed averaged indices across the five imputed datasets
and studied their sex-specific distributions. Imputed indices may
be useful for optimizing sample sizes of other analyses.

Interaction analyses of gendered indices
association with insomnia by sex

In another analysis, we tested whether the associations of GISE
and GIPSE with insomnia further differed by sex. We performed
combined-sex association analyses with insomnia and WHIIRS as
the outcomes, using the same regression models as before, but
now with an additional multiplicative interaction term of GISE
and sex and (separately) of GIPSE and sex.

Results

Table 2 characterizes the HCHS/SOL dataset and its target pop-
ulation. There were 9835 female and 6580 male participants. On
average, female individuals in the HCHS/SOL target population
were 46 years old, while male individuals were 45. In the target
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Table 2. Characteristics of the HCHS/SOL Study and Target Population, Stratified by Sex

Female Male
n 9835 6580
Age (mean [SD)) 46.54 (15.12) 44.81 (14.84)
Study site (%) Bronx 2518 (30.3) 1600 (27.6)
Chicago 2313 (14.6) 1821 (17.0)
Miami 2353 (28.5) 1724 (30.1)
San Diego 2651 (26.6) 1435 (25.3)
Background (%) Dominican 963 (11.5) 510 (8.2)
Central American 1049 (7.5) 683 (7.3)
Cuban 1250 (18.3) 1098 (21.8)
Mexican 4022 (38.1) 2450 (36.6)
Puerto Rican 1589 (15.3) 1139 (17.1)
South American 635 (5.2) 437 (4.7)
More than one/other heritage 276 (4.0) 227 (4.3)
Education (%) No high school diploma or GED 3768 (32.9) 2439 (31.8)
At most high school diploma/GED 2353 (26.3) 1827 (30.2)
Greater than high school/GED 3660 (40.8) 2277 (38.0)
Income level (%) Less than $10 000 1587 (17.6) 751 (11.5)
$10 001-$20 000 3035 (33.7) 1834 (29.5)
$20 001-$40 000 2873 (32.2) 2185 (34.4)
$40 001-$75 000 1024 (12.5) 992 (16.7)
More than $75 000 283 (4.0) 363 (7.8)
Marital status (%) Single 2552 (31.6) 1970 (37.9)
Married or living with a partner 4726 (47.0) 3710 (50.8)
Separated, divorced, or widow(er) 2505 (21.4) 864 (11.3)
Employment status (%) Retired/not currently employed 5264 (56.9) 2689 (41.1)
Employed part-time(<35 hours/week) 1802 (18.8) 926 (15.0)
Employed full-time(>35 hours/week) 2596 (24.3) 2832 (43.9)
Occupation (%) Non-skilled worker 2725 (24.0) 2025 (27.5)
Service worker 1702 (18.7) 669 (12.2)
Skilled worker 1774 (17.7) 1680 (25.8)
Professional/technical, administrative/executive, or office staff 1666 (19.6) 699 (11.7)
Other occupation 1802 (20.0) 1383 (22.8)
Current health insurance (%) Yes 5065 (53.2) 3107 (47.7)
Years in United States (%) Less than 10 years 2328 (28.3) 1477 (27.0)
10 years or more 5829 (50.8) 3798 (48.0)
US born 1604 (20.9) 1259 (25.1)
Language preference (%) Spanish 7997 (76.7) 5122 (72.9)
English 1838 (23.3) 1458 (27.1)
SASH Social acculturation subscale (mean [SD)) 2.16 (0.60) 2.24(0.59)
Language acculturation subscale (mean [SD]) 1.88 (1.12) 2.10(1.17)
Ethnic identity score Mean (SD) 3.20 (0.56) 3.22 (0.57)
Insomnia measures Insomnia = Yes (%) 3424 (33.6) 1578 (23.6)
WHIIRS (mean [SD]) 7.68 (5.49) 6.22 (5.03)
Psychological measure STAI10 (mean [SD)) 17.98 (6.10) 16.18 (5.07)
CESD9 (mean [SD]) 10.57 (4.97) 9.15 (4.24)

Proportions, means, and standard deviations (DSs) where weighted using sampling weights to represent the HCHS/SOL target population.
HCHS/SOL, Hispanic Community Health Study/Study of Latinos; GED, General Education Development; SASH, Social Acculturation Scale for Hispanics; WHIIRS,
Women Health Initiative Insomnia Rating Scale. STAI10, Spielberger Trait Anxiety Inventory scale based on 10 items. CESD9, Center for Epidemiological Studies
Depression scale based on 9 items (excluding a sleep quality-related question).



population, 33.6% of female individuals but only 23.6% of male
individuals are estimated to have insomnia. Household income
had the most missing values (n = 1488), with social acculturation
subscale (n=729) and insomnia (n=>560) following next. There
were 13 666 complete cases out of 16 415 individuals, of which
8083 were female and 5593 were male participants.

Demographic, acculturation, and psychosocial
measures driving sex differences in insomnia

Table 3 provides results from the multivariable regressions of
each of the sociodemographic variables over sex, and the asso-
ciations of these variables with insomnia. These association
analyses were performed on each variable separately. These asso-
ciations are further visualized in Figure 2. The results show that
sociodemographic measures demonstrate sex-related patterns:
all are associated with binary, reported sex. Further, most of the
variables were also associated with insomnia, including when
adjusting for reported sex. This supports the derivation of a com-
bined gendered index to capture the multidimensionality of the
gendered sociodemographic environment, expected to play a role
in observed sex differences in insomnia.

In the secondary analysis, we also studied whether the asso-
ciations of the sociodemographic variables with insomnia and
insomnia symptoms potentially differ by sex stratum. The
results are reported in Supplementary Table 1 (insomnia) and
Supplementary Table 2 (WHIIRS scores). The results were qualita-
tively similar in analyses examining insomnia and WHIIRS scores,
and only two associations had statistically significant sex inter-
action: education and anxiety score (STAI10), but the evidence
of interaction was still weak. Having an education level greater
than high school/GED was associated with a reduced likelihood
of insomnia in female individuals (OR = 0.8, 95% CI [0.67, 0.96]),
but with a higher likelihood of insomnia in male individuals
(OR =1.07, 95% CI [0.86, 1.35]), although the association among
males was not statistically significant. The interaction p-value
was .05. With STAI10 anxiety score, there was stronger evidence
of interaction (interaction p-value =.007; STAI10 was associated
with insomnia in both sex strata), with a stronger association of
STA10 scores with insomnia observed in males than in females.
However, the estimated association of a unit increase of STAI10
with insomnia likelihood was still quite similar in the female
and male strata: female OR =1.12, 95% CI [1.10, 1.13], and male
OR =1.15,95% CI [1.13, 1.17].

Sociodemographic gendered indices

Table 4 provides the coefficients of the variables used in GISE and
GIPSE created using penalized regression. The penalized regres-
sion model was fit using the entire data set (complete cases).
Variables labeled “Not Selected” were removed by the LASSO
algorithm in the variable selection process. Figure 3 visualizes
the distributions of GISE and GIPSE by sex, demonstrating that
male participants tend to have higher values compared to female
participants.

In secondary analysis, we split the data into independent train-
ing and testing datasets, where we developed gendered indices
on the training dataset and then constructed them in the testing
dataset, and assessed whether their distribution differed by sex
group. Supplementary Figure 1 visualizes the distribution of the
indices in the test dataset, demonstrating that their distribution
differs by reported sex, and therefore, we conclude that the gen-
dered indices are not associated with sex only due to overfitting.
Further, the figure is stratified by age groups, demonstrating that
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sex difference exists in the indices across adulthood. Interestingly,
the median values of the gendered indices monotonically decline
between the 30 and 40 age stratum to the 60 and 74 age stratum;
the pattern is observed in both male and female participants.

In another sensitivity analysis, we used imputed datasets to
develop gendered indices. Supplementary Figure 2 visualizes
the missingness patterns in the data. Household income had a
large number of observations with missing values (n = 1488), with
social acculturation subscale (n = 729) and insomnia (n = 560) fol-
lowing next. There were 13 705 complete cases out of the 16 415
participants. Supplementary Figure 3 visualizes the distribution
of the indices based on the imputed data, averaged over the five
imputed values for each person. In the imputed dataset, males
still tend to have higher values compared to female participants,
but the difference was less pronounced than in the primary anal-
ysis and in the secondary analysis of the independent test data-
set within the complete-case dataset, suggesting that individuals
with missing data differ from complete cases in a non-ignorable
manner.

Association of gendered indices with insomnia

Table 5 provides results from the association analysis of reported
sex and the developed gendered indices in multiple regression
models. In a model adjusting for covariates, self-reported male
sex was associated with a lower likelihood of having insomnia
symptoms (OR=0.61, 95% CI [0.53, 0.67]). The association was
attenuated after adjustment to GISE (OR=0.64, 95% CI [0.57,
0.71]), and even more so after adjustment to GIPSE (OR =0.82,
95% CI [0.72, 0.92]). However, adjustment to the components of
the gendered indices rather than to the gendered indices them-
selves (models 4 and 5) did not attenuate the association between
male sex and insomnia to the same level, perhaps because the
gendered index captures sex-related effects better. Higher gen-
dered indices, typical of male participants, were associated with
lower insomnia likelihood (GISE OR=0.90, 95% CI [0.68,0.85],
GIPSE OR = 0.62, 95% CI [0.58,0.66]) in models adjusted for sex. In
separate analyses within male and female strata, GISE and GIPSE
were still associated with insomnia, with a similar effect size as in
the combined analysis. Pseudo R? from these analyses is provided
in Supplementary Table 3. In general, pseudo R? were higher in
the female stratum compared to the male stratum, in all mod-
els. On the percentage scale, pseudo R? was 5.3% in the female
stratume in a model with only covariates, and increased to 5.42%
with GISE and 8.53% with GIPSE. It was substantially higher, with
15.27% when including all components of GIPSE. In the male stra-
tum, pseudo R? ranged from 3.55% in the model with only covari-
ates, to 12.64% in the model with all GIPSE components modeled
individually.

Supplementary Table 4 reports results from secondary anal-
ysis using individuals with imputed data as well (N =16 415 vs
N =13 705 using complete cases). The association of GISE with
insomnia was attenuated, and the association was not statisti-
cally significant in male individuals. The associations of GIPSE
remained about the same. Supplementary Tables 5 and 6 report
results from similar analyses with the WHIIRS assessed on a
continuous scale, rather than dichotomized to indicate insom-
nia. Supplementary Table 5 provides results from analyses that
used the complete dataset, and Supplementary Table 6 from
analyses that used the imputed data. The results are very similar
to those from the main analysis using insomnia (dichotomized
WHIIRS scores) as the outcome. One exception is that the results
appear to be less attenuated between the imputed and complete
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Table 3. Estimated Association of Demographic, Acculturation, and Psychological Measures With Sex and With Insomnia

Beta 95% CI P-value Beta 95% CI P-value Beta 95% CI P-value

Association with insomnia
(sex-adjusted)

Characteristic Association with insomnia

(sex-unadjusted)

Association with male sex

Demographic variables

Marital status (ref = Single)

Married/living with partner 0.91 (0.8,1.02) 104 0.82 (0.72,094)  .004* 081 (071,093 003"
Divorced 0.45 (0.38,0.54) <001™ 109 (0.92,1.28) 326 099 (0.84,1.17) 935
Income (ref = less than $10 000)

$10 001-20 000 1.27 (1.08,1.5) .003* 0.84 (0.72,099)  .038* 0.87 (0.74,1.02)  -087
$20 001-40 000 159 (1.36,1.86) <001™* 071 (0.59,0.84) <.001** 074 (0.62,089) 0017
$40 001-75 000 1.99 (1.67,2.38) <001"* 066 (0.53,0.82) <.001* 071 (0.56,0.89) 003"
More than $75 000 3.06 (2.36,3.96) <001" 047 (0.32,0.69) <.001** 0.53 (0.36,0.78)  -001™
Employment (ref = Retired/unemployed)

Employed Part-Time 1.11 (0.96,1.28) 156 0.78 (0.67,092)  .003* 079 (0.67,093)  -005™
Employed Full-Time 2.54 (2.24,2.87) <001™ 063 (0.56,0.72) <.001** 069 (0.61,079) <0017
Occupation (ref = Non-skilled worker)

Service Worker 0.53 (0.45,0.63) <.001** 1.17 (0.96,1.43)  .110 1.09 (0.89,1.33) 417
Skilled Worker 1.33 (1.15,1.53) <001™ 102 (0.87,1.2)  .774 1.06 (0.9,1.24) 499
Professional/technical 0.49 (0.4,0.6) <001™ 108 (0.9,1.31)  .412 099 (0.82,1.2) 947
Other occupation 0.96 (0.82,1.12) 594 1.10 (0.92,1.32) 312 1.1 (0.91,1.31) 324
Education (ref = No high school diploma or GED)

At most High School Diploma/GED 1.09 (0.95,1.24) 218 1.00 (0.85,1.18)  .987 101 (0.86,1.19) 910
Greater than high 0.89 (0.78,1) 053 0.92 (0.8,1.06) 251 091 (0.78,1.05)  -192
school/GED

Has current health insurance coverage 0.78 (0.71,0.86) <001 089 (0.78,1.02)  .102 086 (075099 033"
Acculturation measures

Years in the US (Ref = less than 10 years

10 years or more 1.05 (0.93,1.19) 458 111 (0.97,1.28) 125 113 (098,13) 094
US born 119 (1,1.42) 056 145 (1.19,1.77) <.001"* 15 (1.23,1.82) <001
Language preference: English 1.15 (0.99,1.33) 070 128 (1.08,1.51)  .004* 13 (1.1,1.54) 0027
SASH language acculturation subscale 0.07 (0.05,0.09) <.001™ 11 (1.03,1.18)  .004™ 113 (1.06,1.21) <-001""
SASH social acculturation subscale 0.03 (0.02,0.04) <001™* 099 (0.88,1.11)  .885 1.02 (0.91,1.14) /64
Ethnic identity score 0.00 (-0.01,0.01) 793 0.97 (0.88,1.08)  .581 0.97 (0.88,1.08) -610
Psychological measures

CESDS -0.10 (-0.11,-0.08) <001"* 113 (1.12,1.14) <.001™** 113 (1.12,1.14) <001
STAI0 -0.13 (-0.15-0.11) <.001**  1.13 (1.12,1.15) <.001** 113 (1.12,1.14) <0017

The table provides the estimated associations of each considered variable with sex and insomnia from analyses adjusted for covariates: age, study center, and
Hispanic/Latino background. The associations were estimated separately for each variable (multiple levels of the same variables were included in the same
analysis). Associations with reported sex were estimated for a multinomial regression using the svyVGAM R package, to allow for inclusion of multiple outcome
levels in the same analysis. Associations with insomnia were estimated for a logistic regression with insomnia as the outcome. Insomnia associations were
further estimated in both reported sex-unadjusted and sex-adjusted analyses.

HCHS/SOL: Hispanic Community Health Study/Study of Latinos; SASH: Social Acculturation Scale for Hispanics; WHIIRS: Women Health Initiative Insomnia
Rating Scale. STAI10: Spielberger Trait Anxiety Inventory scale based on 10 items. CESD9: Center for Epidemiological Studies Depression scale based on 9 items
(excluding sleep quality-related question).

p-value significance: ** corresponds to p < .001, ** corresponds to p < .01, * corresponds to p < .05.

dataset when using the continuous WHIIRS scores (for example,
in Supplementary Table 6 the association of GISE with WHIIRS in
male participants is statistically significant, while it was not sta-
tistically significant in the corresponding imputed data analysis
that used insomnia as the outcome).

Supplementary Tables 7 (complete data) and 8 (imputed data)
provide results from interaction analysis of sex and the gendered
indices in association with insomnia and WHIIRS scores. The

estimated interaction effects were mostly not statistically signifi-
cant, with the exception of the interaction between the estimated
association of GIPSE and male sex on WHIIRS (estimated effect of
0.32 in both complete and imputed data analysis). Note that the
estimated effect is in the opposite direction to that of the male
variables: male sex, and higher GIPSE (which, on average, tend to
be higher in male, compared to female, participants) are associ-
ated with lower WHIIRS, while the interaction term, modeling the
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Figure 2. Visualization of the beta coefficients from the associations of sociodemographic and psychological variables with reported sex and
insomnia. The figure visualizes the estimated associations (beta coefficients) from regression of each of the sociodemographic and psychological
variables considered with insomnia as the outcome (sex-adjusted; left column), male sex as the exposure (middle column), and insomnia as the
outcome in an analysis adjusted for sex (right column). Multi-level variables were used in the same regression model. All models were adjusted for
covariates: age, study center, and Hispanic/Latino background. Opposite colors between sex and insomnia associations indicate that a variable is
associated with higher (lower) likelihood of being male and lower (higher) likelihood of having insomnia. HCHS/SOL, Hispanic Community Health
Study/Study of Latinos; SASH, Social Acculturation Scale for Hispanics; WHIIRS, Women Health Initiative Insomnia Rating Scale. STAI10, Spielberger
Trait Anxiety Inventory scale based on 10 items. CESD9, Center for Epidemiological Studies Depression scale based on 9 items (excluding sleep

quality-related question).

effect of increased GIPSE specifically in males, is associated with
higher WHIIRS. This is probably due to some collinearity of the
gendered indices and sex.

Discussion

We developed indices, GISE and GIPSE, summarizing non-
biological sociodemographic, and psychological measures, such
that the indices’ distributions differ by sex. Our goal was to develop
a measure that will aide in distinguishing sociodemographic con-
tributions to sex differences in health outcomes from factors that
could be attributed to biological sex effects in Hispanic/Latino
population. The gendered indices are data-driven, and they do not
measure gender, as there is no specific gender-related construct
that they quantify. They are “gendered” in that they have different
distributions across reported male and female individuals, with
typically higher values in male participants (by construction).
As an exemplar, we studied the association of the gendered indi-
ces with insomnia, a phenotype that has a higher prevalence in
females compared to male individuals [29] with evidence relating
these sex differences to both biological and sociocultural factors.
Higher values of the indices were associated with a lower likeli-
hood of insomnia, even when adjusting for reported sex, and in
sex-stratified analysis. Using the GISE when modeling insomnia
risk weakened somewhat the estimated association of reported
sex with insomnia, suggesting that gendered sociodemographic
factors explain some of the effects of reported sex on insom-
nia. Using GIPSE in the insomnia association model resulted in

a higher change in the estimated effect of reported sex, further
suggesting that psychological measures, depression, and anxiety,
have a substantial role in sex differences in insomnia.

The GISE aggregates marital status, household income,
employment status, occupation category, education level, health
insurance status, and cultural-acculturation measures that are
unique to immigrant populations, including years in the United
States, language preference, etc. The variables that had the
highest weight in GISE, suggesting that they demonstrate strong
sex differences, by order, are having an office-based occupa-
tion (more likely in the female stratum) being employed full-time
(more likely in the male stratum), and being a service worker
(more likely in the female stratum). Having full-time employ-
ment was strongly, and negatively associated with odds of insom-
nia (adjusted OR=0.69, 95% CI [0.61,0.79]), while occupation
variables did not have statistically significant associations with
insomnia individually. Still, the association of GISE with insomnia
and WHIIRS scores was due to the associations of its aggregated
components with both sex and insomnia: a variable, for example,
being employed full time, is both more common in males (say)
and is associated with a lower likelihood of insomnia, or the con-
verse. GISE variables are strictly sociodemographic, suggesting
that the sociocultural and demographic trends affecting choices
(or “outcomes,” as sometimes choices are limited) of male and
female individuals have health implications, such as insomnia
and, perhaps, its comorbid or incident health outcomes. In other
words, these results add to existing evidence that the gendered
environment contributes to sex disparities in health outcomes.
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Table 4. Gendered Indices Variables and Coefficients

Coefficient: GISE

Coefficient: GIPSE (includes psychological variables)

Demographic variables

Marital status

Married or living with a partner 0.03
Separated, divorced, or widow(er) _0.64
Income
$10 001-20 000 0.05
$20 001-40 000 0.13
$40 001-75 000 0.32
More than $75 000 06
Employment
Employed part-time ~0.09
Employed full-time 0.66
Occupation
Service worker ~0.62
Skilled worker 0.16
Professional/technical 072
Other occupation 0.06
Education
At most high school diploma/GED 0.02
Greater than high ~0.21
school/GED
Has current health insurance coverage ~0.33
Acculturation measures
Language preference (English) 03
SASH language acculturation subscale 0.07
SASH social acculturation subscale 0.15
Ethnic identity score 0.3
Years live in the US (ref = Less than 10 Years)
Years in US: 10 Years or More ~0.08
Years in US: US born ~0.29
Psychological measures
STAI10 NA
CESD9 NA

-0.62

0.05
0.19
0.44

-0.15
0.59

-0.62
0.17
-0.73
0.06

-0.28

-0.32

0.31
0.06
0.14
0.31

-0.07
-0.28

-0.04
-0.03

Coefficients of the various variables were estimated in a LASSO penalized logistic regression of male sex over all variables jointly. Adjusted covariates were not
used in this analysis. Thus, positive values for a binary variable suggest that it is more likely to be seen in male individuals, and for a continuous variable, it

suggests that male individuals tend to have higher values.

GISE: gendered index of the sociodemographic environment; GIPSE: gendered index of the psychological and sociodemographic environment; HCHS/SOL:
Hispanic Community Health Study/Study of Latinos; SASH: Social Acculturation Scale for Hispanics; WHIIRS: Women Health Initiative Insomnia Rating Scale.
STAI10: Spielberger Trait Anxiety Inventory scale based on 10 items. CESD9: Center for Epidemiological Studies Depression scale based on 9 items (excluding

sleep quality-related question).

Clinically, these findings reinforce the importance of accounting
for social determinants of health in the primary care setting, and
identifying individuals that may be at higher risk based on mar-
ital and employment status, etc. Notably, GIPSE has a different
interpretation, as it includes anxiety and depression measures,
which may have bidirectional relationships with insomnia (where
insomnia and anxiety may increase the risk of each other, for
instance).

The gendered indices are continuous rather than categorically
male or female, representing a weighted aggregate of sociodemo-
graphic factors resulting in a range of values. This agrees with
reality, as both biological sex and gender effects are continuous.

While binary sex is usually used in research, there are individu-
als who fall outside the standard definition based on sex chro-
mosomes [44]. Furthermore, sex hormone levels are continuous
and change throughout the reproductive cycle of women [45],
throughout the life course in both men and women, and precipi-
tously at menopause in women [46]. The concept of gender is also
suggested to be continuous, with measures of gender identity [47,
48] and other gendered expressions and norms [49] being poten-
tially measured by scales. Thus, binary representations of both
sex and gender are limited and may not capture nuances in how
sex and gender, as encompassing both biological and cultural
determinants, relate to health.
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Figure 3. Distribution of the gendered indices in female and male participants. Distribution of the primary and secondary gendered indices by strata
of reported sex. GISE, gendered index of sociodemographic environment; GIPSE, gendered index of psychological and sociodemographic environment.

Table 5. Association of Reported Sex and Standardized Gendered Indices With Insomnia

Model Estimated male sex association Estimated gendered index association
Estimated OR  95% CI P-value  Estimated OR  95% CI P-value
Model 1: adjusting for covariates. 0.60 (0.53,0.67)  <.001*** _ _ —
Model 2: adjusting for covariates, GISE 0.63 (0.56,0.7) <001* 092 (0.87,0.99) 0177
Model 3: adjusting for covariates, GIPSE 078 (0.69,0.88)  <.001"*  0.65 (0.61,0.7) <.001*
Model 4: adjusting for covariates, components of GISE 0.62 (0.55,0.7) <.001™* — — -
Model 5: adjusting for covariates, components of GIPSE () 73 (0.64,0.84)  <.001"** _ _ —
Analysis in male stratum
Model adjusting for covariates, GISE _ _ _ 93 (0.85,1.03) 158
Model adjusting for covariates, GIPSE _ _ _ 68 (0.62,0.75)  <-001"
Analysis in female stratum
Model adjusting for covariates, GISE _ _ _ 92 (0.84,0.99) 034"
Model adjusting for covariates, GIPSE _ _ _ 63 (0.58,0.69)  <-001"

The estimated association of male sex and of the gendered indices with insomnia in various regression models. Association effects are adjusted odds ratios (OR).
Thus, values lower than 1 indicate a protective association. For gendered indices, ORs are per 1 standard deviation (SD) increase in the index. Male individuals
tend to have higher values of the gendered indices. Adjusting covariates were age, Hispanic/Latino background, and study center.

GISE: gendered index of sociodemographic environment; GIPSE: gendered index of psychological and sociodemographic environment.

Consideration of socially constructed gendered roles and fac-
tors in relation to health and sleep is especially warranted in
under-studied, diverse populations such as US-residing Hispanic/
Latino individuals whose social experiences may differ in mean-
ingful ways from populations already well-described by current
literature, e.g. due to a multitude of structural and cultural com-
ponents unique to this population ( [50-52], and whose distri-
bution of risk for sleep disorders may not be equivalent to that
of other population groups [53]. For example, Kaufmann et al. (
[54] reported that the severity of insomnia increases with age in
Hispanic adults but decreases with age in non-Hispanic white
adults, strongly suggesting that assumptions regarding insom-
nia in Hispanic/Latino populations should not be inferred from
non-Hispanic White populations. While the constructed gendered
indices do not quantify any previously specified measure of gen-
der, we plan to use them to estimate the potential contribution of
gendered sociodemographic-related costs with sleep health and
other health outcomes in HCHS/SOL. As ongoing and future data
collection efforts incorporate better measures of sex and gender,
it will allow for more nuanced inference of the role of sex-related
effects on health.

While the gendered indices replicated well in an independent
subset of HCHS/SOL adults, these indices are not likely to be gen-
eralizable to other race or ethnic populations due to the cultural
differences between population segments, as well as due to dif-
ferences in surveys applied in different studies. The specificity
of the gendered indices to HCHS/SOL (a strength) suggests that
new indices will need to be tailored for other studies. Notably, we
did not study potential differences in the distribution of sociode-
mographic measures used or in the potential resulting gendered
indices between Hispanic background groups (Mexican, Cuban,
Puerto Rican, etc.), which are both socioculturally diverse and
exhibit different distributions of health outcomes in the HCHS/
SOL [55-57]. While this is certainly feasible, the indices will likely
be less accurate as they will suffer from overfitting due to small
sample sizes.

It is interesting to note that higher acculturation to the United
States was associated with a higher likelihood of insomnia and
worse insomnia symptoms (WHIIRS), compared to less accultura-
tion. For instance, being born in the United States had the strong-
est association with higher insomnia likelihood compared to other
variables, while also living 10 or more years in the United States
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was associated with higher insomnia likelihood compared to liv-
ing less than 10 years in the United States. Similarly, preferring
the English language and having higher language acculturation
scores were associated with a higher likelihood of insomnia. These
findings are in line with those previously reported in an analysis
of sleep duration patterns in US Latinos from the National Health
Interview Survey [58]. The authors found that US-born Latinos,
disaggregated by Hispanic/Latino background, had worse sleep
patterns (too short or too long sleep) compared to foreign-born
Latinos from the same background. Garcia et al. hypothesized
that this trend is the result of the adoption of unhealthy lifestyles
(diet, smoking, etc., as supported by other studies [59]), which in
turn results in worse sleep quality.

Strengths of this study include the use of a large cohort of
diverse Hispanic/Latino adults, representing multiple Hispanic/
Latino backgrounds, in the United States, a rigorous statistical
analysis that included secondary analysis validating the scores by
independent training-testing data split, and imputed data analy-
sis. There are also some limitations. The baseline HCHS/SOL data-
set only included binary sex definition and did not assess gender
identity. Such data will become available in the future, based on
HCHS/SOL Visit 3. The WHIIRS measure used to assess insom-
nia was developed and validated in a research study of postmen-
opausal women. While it has been used in multiple studies of
other populations (such as HCHS/SOL), it is a limitation that the
WHIIRS was not validated in more age, sex, and gender-diverse
populations. Our gendered indices used household income, not
the income of the individuals themselves. As household income
was associated with reported sex, it is likely that either household
income reporting depends on reported sex, or those household
compositions in HCHS/SOL differ by reported sex. Notably, the
idea of gendered indices was inspired by Smith et al. [60], who
developed a gendered index in the context of labor force partic-
ipation. They used a few areas of demographic measures that
differ between men and women (occupation segregation, work
hours, level of education, responsibility of caring for children),
and included differences in income between household male and
female participants in their index. By that, they interpret their
index as measuring gender roles in the labor force. The indices
developed here are not interpreted in such a specific context,
as they have both sociodemographic (GISE) and psychological
(GIPSE) components. Generally, data collection in HCHS/SOL was
not specific to study sex effects, and we do not have data about
additional factors that are known to have strong gendered pat-
terns such as caregiving roles. Such measures could potentially
improve the indices but do not negate the value of the indices
that have been constructed. In the context of household income,
itis possible that it contributes to the gendered indices via a rela-
tionship with occupation status and type, which also differ by
sex, but it is difficult to pinpoint anything with certainty given
the limitations of the available data. Regardless, it is unlikely that
the gendered indices association results are driven by household
income, as it is just one of multiple variables associated with both
sex and insomnia.

To summarize, we constructed two gendered indices, each
summarizing sociodemographic factors, one also including psy-
chological measures, into a single continuous variable that on
average tends to have higher values in reported male individuals.
The indices explain some of the association of sex with insom-
nia. In future work, we will continue using these gendered indices
to identify potentially behaviorally modifiable aspects of sleep
health and other health outcomes.
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