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Abstract

Cardiometabolic risk factors may cluster into heterogeneous patterns that are not fully captured by
conventional approaches. This study aimed to identify latent cardiometabolic profiles and examine their
association with incident dyslipidemia among adults participating in the Hoveyzeh Cohort Study. This
prospective cohort study included 1,660 adults free of dyslipidemia at baseline who were reassessed
approximately five years later. Latent class analysis was conducted using five binary indicators:
hypertension, diabetes, low physical activity, high saturated-fat intake, and metabolic waist. Two-, three-,
and four-class models were evaluated based on fit, convergence, interpretability, and classification
quality. Incident dyslipidemia was defined as newly developed dyslipidemia at reassessment. Risk ratios
(RRs) and 95% confidence intervals (Cls) were estimated using robust Poisson regression. A two-class
model was selected. Class 1 included 1,197 participants (72.1%) and had lower probabilities of the
indicators, whereas Class 2 included 463 (27.9%) and showed higher probabilities of hypertension,
diabetes, and metabolic waist. During follow-up, 876 participants (52.8%) developed dyslipidemia. No
association was observed between Class 2 and incident dyslipidemia in crude (RR =0.97,95% Cl: 0.88-
1.08) or adjusted analyses (RR =1.03, 95% Cl: 0.92-1.14). Two distinct cardiometabolic profiles were
identified, but latent class membership was not associated with incident dyslipidemia.

1. Introduction

Metabolic disorders in adults, including obesity, type 2 diabetes, hypertension, and dyslipidemia,
represent a major and growing global public health challenge, contributing substantially to
cardiovascular morbidity and mortality [1, 2]. Recent evidence from cluster analyses indicates that
cardiometabolic conditions such as hypertension, hyperglycemia, dyslipidemia, and obesity rarely
isolation; instead form overlapping clusters reflecting shared pathophysiology [3]. These patterns are
driven by common biological pathways, including insulin resistance and chronic inflammation, as well as
behavioral and environmental factors such as physical inactivity and dietary habits [4].

Previous studies emphasize that cardiometabolic disorders are not homogeneous entities but rather
represent heterogeneous phenotypes with distinct risk profiles and disease trajectories. Population-
based studies have demonstrated that combinations of metabolic abnormalities and lifestyle behaviors
form identifiable risk patterns that are differentially associated with cardiovascular outcomes, including
subclinical atherosclerosis and incident chronic disease [5]. These findings support a shift from
traditional single-risk-factor approaches toward more integrated, person-centered frameworks of disease
classification.

Conventional epidemiological approaches are typically variable-centered and assume independence or
simple additive relationships between risk factors. However, such methods may fail to capture the
underlying heterogeneity and latent structure of cardiometabolic risk. In contrast, person-centered
techniques such as Latent Class Analysis (LCA) provide a powerful alternative by identifying unobserved
subgroups within populations based on shared patterns of risk factor clustering [6, 7]. Recent
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applications of LCA in cardiometabolic research have identified distinct metabolic phenotypes
characterized by varying combinations of obesity, glucose dysregulation, and lifestyle-related factors,
which are associated with different levels of disease risk and prognosis [8]. Furthermore, LCA-derived
cardiometabolic phenotypes have demonstrated improved prediction of cardiovascular outcomes and
subclinical atherosclerosis compared with traditional risk stratification methods [9]. These findings
support the concept that metabolic and behavioral risk factors cluster into heterogeneous and clinically
meaningful subgroups across diverse populations [10].

Despite the high burden of obesity [11], diabetes [11], hypertension [12], and dyslipidemia [13] in this
region, the patterns of co-occurrence of cardiometabolic risk factors remain insufficiently understood.
Moreover, most previous studies conducted in Iran have relied on conventional variable-centered
approaches, which may not adequately capture heterogeneity in cardiometabolic risk patterns across
individuals. Therefore, this study aimed to identify and characterize distinct latent cardiometabolic
profiles among adults participating in the Hoveyzeh Cohort Study and to examine their association with
the subsequent development of dyslipidemia over approximately five years of follow-up.

2. Results

A total of 1,660 participants who were free of dyslipidemia at baseline and completed the approximately
5-year follow-up were included in the analysis. During follow-up, 876 participants (52.8%) developed
dyslipidemia. The mean age of the study population was 48.4 + 8.6 years, and women accounted for
63.7% of the participants. Latent class analysis identified two distinct cardiometabolic profiles, with
1,197 participants (72.1%) classified into Class 1 and 463 (27.9%) into Class 2.

Baseline characteristics according to latent class membership are presented in Table 1. Of the 1,660
participants, 1,197 (72.1%) were assigned to Class 1 and 463 (27.9%) to Class 2 based on their highest
posterior probability. Class 2 included a higher proportion of women than Class 1 (73.2% vs. 60.1%, P <
0.001) and had a greater proportion of participants aged > 55 years (39.5% vs. 19.4%, P < 0.001).
Participants in Class 2 were also more likely to be widowed and less likely to have higher educational
attainment. Urban residence was more common in Class 2 than in Class 1 (70.2% vs. 61.7%, P =0.001).
No significant difference was observed in wealth status or smoking status between the two classes.
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Table 1

Baseline characteristics of participants according to latent class membership

Characteristic

Age group, years

35-44
45-54

55-64

265

Sex

Male

Female
Wealth status
Poorest

Poor
Moderate
Rich

Richest
Marital status
Single
Married
Widowed
Divorced
Education
llliterate

Primary school

Secondary school

High school diploma

University
Residence

Urban

Overall, n (%)

638 (38.4)
607 (36.6)
336 (20.2)
79 (4.8)

602 (36.3)
1,058 (63.7)

323 (19.5)
355 (21.4)

(

(

314 (18.9)

309 (18.6)
(

359 (21.6)

47 (2.8)
1,493 (89.9)
88 (5.3)
32 (1.9)

1,078 (64.9)
255 (15.4)
100 (6.0)
107 (6.4)
120 (7.2)

1,063 (64.0)

Class 1, n (%)

541 (45.2)
424 (35.4)
189 (15.8)
43 (3.6)

478 (39.9)
719 (60.1)

225 (18.8)
264 (22.1)
219 (18.3)
227 (19.0)
262 (21.9)

41 (3.4)
1,003 (91.3)
42 (3.5)
21 (1.8)

732 (61.2)
195 (16.3)
77 (6.4)
93 (7.8)
100 (8.4)

738 (61.7)
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Class 2, n (%)

97 (21.0)
183 (39.5)
147 (31.8)
36 (7.8)

124 (26.8)
339 (73.2)

98 (21.2)
91(19.7)
95 (20.5)
82 (17.7)
97 (21.0)

6(1.3)
400 (86.4)
46 (9.9)
11 (2.4)

346 (74.7)
60 (13.0)
23 (5.0)
14 (3.0)
20 (4.3)

325 (70.2)

P-value

<0.001

<0.001

0.533

<0.001

<0.001

0.001




Characteristic Overall,n (%) Class1,n(%) Class2,n(%) P-value
Rural 597 (36.0) 459 (38.4) 138 (29.8)

Smoking 0.327
No 1,374 (82.8) 984 (82.2) 390 (84.2)

Yes 286 (17.2) 213 (17.8) 73 (15.8) P-value

P values were derived from Pearson’s chi-square test.

The two latent classes differed markedly in their cardiometabolic profiles (Table 2). Class 1 showed a
relatively favorable profile, with low probabilities of hypertension (9.0%) and diabetes (6.0%). In contrast,
Class 2 was characterized by substantially higher probabilities of hypertension (50.0%) and diabetes
(35.5%), together with a greater prevalence of metabolic waist (82.4% vs. 56.3%). Low physical activity
and high saturated-fat intake were also more common in Class 2 than in Class 1 (53.9% vs. 24.4% and
30.2% vs. 19.7%, respectively). Taken together, these findings characterize Class 2 as a higher-risk
cardiometabolic profile compared with Class 1.

Table 2
Latent class-specific probabilities of cardiometabolic indicators
Indicator Class 1 Class 2
Hypertension 9.0% (5.1-15.4) 50.0% (39.7-60.2)
Diabetes 6.0% (3.4-10.4) 35.5% (27.6-44.3)
Low physical activity 24.4% (17.9-32.3) 53.9% (48.7-59.0)

High saturated-fatintake 19.7% (15.1-25.3)  30.2% (26.7-33.9)
Metabolic waist 56.3% (51.3-61.2) 82.4% (75.4-87.7)

Although the three-class model had a marginally lower AIC than the two-class model (9518.538 vs.
9518.789), the two-class model had a substantially lower BIC (9578.349 vs. 9610.586) and provided a
more parsimonious and clinically interpretable solution. The four-class model failed to converge and was
therefore excluded from further consideration. Accordingly, the two-class model was selected as the
final model.

Table 3. Model fit statistics for latent class models

Number of classes Log Likelihood AIC BIC Convergence
2-class -4748.394 9518.789 9578.349  Yes

3-class -4742.269 9518.538 9610.586 Yes

4-class -4741.080* NR NR No
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Abbreviations: AIC = Akaike Information Criterion; BIC = Bayesian Information Criterion.
NR: Not reported because the model did not converge

*The four-class model did not achieve convergence and therefore its AIC and BIC were not considered
valid for model selection.

Latent class membership was not significantly associated with incident dyslipidemia. Compared with
participants in Class 1, those in Class 2 had a comparable risk of developing dyslipidemia in both the
crude model (RR=0.97, 95% CI: 0.88—-1.08; P=0.562) and the fully adjusted model (adjusted RR=1.03, 95%
Cl: 0.92-1.14; P=0.626). Among the covariates, female sex was consistently associated with a lower risk
of incident dyslipidemia (adjusted RR=0.77, 95% Cl: 0.69-0.85; P<0.001), while participants in the rich
wealth category had a lower risk compared with those in the poorest category (adjusted RR=0.82, 95%
Cl: 0.70-0.95; P=0.009). The crude associations observed for smoking and rural residence were
attenuated after adjustment.
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Table 4

Crude and adjusted risk ratios (RRs) for incident dyslipidemia according to latent class
and baseline characteristics

Variable

Latent class

Class 1

Class 2

Sex

Male

Female

Age group (years)
35-44

45-54

55-64

>65

Wealth index
Poorest

Poor

Moderate

Rich

Richest
Education
llliterate

Primary school
Secondary school
High school diploma
University
Smoking

No

Crude RR
(95% CI)

Reference

0.97 (0.88-1.08)

Reference

0.78 (0.71-0.85)

Reference

1.05(0.95-1.17)
1.02 (0.90-1.16)
0.95(0.75-1.21)

Reference
0.96 (0.84-1.10)
0.92 (0.80-1.06)
0.82(0.71-0.96)
0.94 (0.82-1.08)

Reference
0.97 (0.85-1.11)
0.97 (0.80-1.19)
1.13(0.95-1.33)
1.10 (0.93-1.30)

Reference

P-value

0.562

<0.001

0.351
0.776
0.698

0.549
0.263
0.012
0.405

0.623
0.803
0.169
0.259
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Adjusted RR

(95% CI)

Reference

1.03 (0.92-1.14)

Reference

0.77 (0.69-0.85)

Reference

1.02 (0.91-1.13)
0.95(0.83-1.09)
0.86 (0.68-1.10)

Reference

0.95(0.83-1.09)
0.92 (0.79-1.07)
0.82 (0.70-0.95)
0.93 (0.80-1.08)

Reference

0.94 (0.82-1.08)
0.93(0.75-1.15)
1.05(0.87-1.27)
1.03 (0.85-1.24)

Reference

P-value

0.626

<0.001

0.783
0.448
0.236

0.460
0.264
0.009
0.318

0.386
0.491
0.607
0.780




Variable Crude RR P-value Adjusted RR P-value
(95% ClI) (95% CI)

Latent class

Yes 1.12(1.01-1.26)  0.040 1.01(0.90-1.14) 0.872

Residence

Urban Reference — Reference -

Rural 1.12(1.02-1.23) 0.017 1.11 (1.00-1.22) 0.052

Adjusted model: latent class, sex, age group, wealth index, education, smoking, and residence

Outcome: incident dyslipidemia during approximately 5 years of follow-up among 1,660 participants free
of dyslipidemia at baseline.

Note: RR = risk ratio; Cl = confidence interval. Robust standard errors were used.

3. Discussion

In this prospective cohort study, two distinct latent cardiometabolic profiles were identified among
adults who were free of dyslipidemia at baseline. Most participants belonged to Class 1 (72.1%),
whereas Class 2 comprised 27.9% of the study population and was characterized by a substantially
greater burden of cardiometabolic and lifestyle-related risk factors, particularly hypertension, diabetes,
metabolic waist, low physical activity, and high saturated-fat intake. The probabilities of hypertension,
diabetes, and metabolic waist were markedly higher in Class 2 than in Class 1, indicating a distinct
higher-risk cardiometabolic profile. Despite these differences, latent class membership was not
significantly associated with incident dyslipidemia during approximately five years of follow-up; the
adjusted relative risk was 1.03 (95% Cl: 0.92-1.14; P=0.626). Nevertheless, 52.8% of participants
developed dyslipidemia during follow-up, highlighting the substantial burden of newly occurring
dyslipidemia in this population. These findings suggest that although cardiometabolic risk factors
clustered into distinct latent profiles, the identified profiles did not differentiate individuals according to
their subsequent risk of developing dyslipidemia.

The identification of distinct cardiometabolic profiles is consistent with previous latent class analyses
showing that metabolic and lifestyle-related risk factors can cluster within distinct population
subgroups. Park et al. [14] identified distinct dietary behavior patterns associated with metabolic
syndrome, while Kim et al. [15] demonstrated heterogeneous profiles combining lifestyle, metabolic
status, and obesity among hypertensive Korean adults. Similarly, Ahanchi et al. reported sex-specific
clustering of metabolic syndrome components in a population-based cohort, further supporting the
presence of heterogeneous patterns of cardiometabolic risk across individuals [16]. Together, these
findings support the utility of a person-centered approach for identifying heterogeneous patterns of
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cardiometabolic risk that may not be adequately captured by examining individual risk factors
separately.

Sociodemographic characteristics also differed across the latent classes, particularly by sex. Women
represented a greater proportion of participants in Class 2 than in Class 1 (73.2% vs. 60.1%, P<0.001),
indicating a different sex distribution across the latent profiles. This difference may partly reflect sex-
related variation in the distribution of cardiometabolic and lifestyle-related risk factors. Previous latent
class studies have similarly reported sex-specific patterns of cardiometabolic risk clustering, although
the nature and magnitude of these patterns have varied across populations and settings [15,16]. Age
also differed across the latent classes, with older participants being more highly represented in Class 2
than in Class 1. This finding is consistent with the accumulation of cardiometabolic risk factors with
advancing age and may indicate that the higher-risk profile reflects a greater clustering of metabolic
abnormalities in older adults. Previous studies have similarly reported age-related heterogeneity in the
clustering of metabolic and lifestyle-related risk factors [16,17]. Together with the observed sex
difference, these findings suggest that the distribution of latent cardiometabolic profiles may vary across
key demographic characteristics. Educational attainment also differed between the latent classes, with
Class 2 comprising a higher proportion of participants with no formal education and lower proportions
with secondary or higher education compared with Class 1. This pattern may be compatible with
differences in educational and social circumstances associated with cardiometabolic risk, although the
underlying mechanisms cannot be established from the present data. Previous epidemiological studies
have similarly reported an association between lower educational attainment and poorer
cardiometabolic health [14,17].

Lifestyle and contextual factors also differed across the latent classes. Class 2 included a higher
proportion of urban residents than Class 1 (70.2% vs. 61.7%), whereas the distribution of smoking status
did not differ significantly between the two classes. The observed difference in residential distribution
may reflect variation in socioeconomic conditions, access to healthcare services, and health-related
behaviors across urban and rural settings. In contrast, the lack of a significant difference in smoking
status suggests that smoking did not substantially distinguish the two latent cardiometabolic profiles in
this population [15,17].

Lifestyle-related characteristics also contributed to the differentiation between the latent classes. Class
2 had a higher probability of low physical activity than Class 1, indicating that reduced physical activity
formed part of the broader higher-risk cardiometabolic profile. Similarly, high saturated-fat intake was
more prevalent in Class 2, suggesting that dietary behavior may have contributed to the clustering of
cardiometabolic risk factors in this group. These findings are broadly consistent with previous evidence
linking dietary behaviors and lifestyle characteristics with metabolic risk and with latent class studies
identifying heterogeneous combinations of lifestyle and metabolic characteristics [14,15]. However,
because saturated-fat intake represented only one dietary indicator in the latent class model, these
findings should not be interpreted as evidence of an overall unfavorable dietary pattern.
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An important finding of this study was that the higher-risk cardiometabolic profile was not associated
with a higher risk of incident dyslipidemia. Although Class 2 had substantially higher probabilities of
hypertension, diabetes, metabolic waist, low physical activity, and high saturated-fat intake, its risk of
developing dyslipidemia was similar to that of Class 1. This finding may be explained by the way the
latent classes were constructed. The classes were based on general cardiometabolic and lifestyle
characteristics and did not specifically include lipid-related measures. Therefore, Class 2 may represent
a broader high-risk metabolic profile rather than a profile specifically associated with the future
development of dyslipidemia. Because 52.8% of participants developed dyslipidemia during follow-up,
restricting prevention to Class 2 would miss many cases arising in the larger Class 1 group. Thus, latent
classes may help characterize patterns of co-occurring risk factors and guide broader preventive
strategies, but they should not replace direct lipid measurement or conventional risk assessment for
predicting individual dyslipidemia risk [9].

This study has several strengths. First, the use of latent class analysis enabled the identification of
distinct cardiometabolic profiles based on the co-occurrence of multiple metabolic and lifestyle-related
indicators. Second, the inclusion of both metabolic and behavioral indicators allowed a more
comprehensive characterization of cardiometabolic risk patterns. Third, the use of data from the
Hoveyzeh Cohort Study and the approximately five-year reassessment provided an opportunity to
examine the relationship between baseline cardiometabolic profiles and incident dyslipidemia during
follow-up. However, several limitations should be considered. Some behavioral variables, particularly
dietary intake and physical activity, were self-reported and may therefore be subject to recall or
measurement error. In addition, the latent classes were derived from a specific set of indicators and may
not fully capture the broader spectrum of cardiometabolic risk. Finally, although the analysis was based
on prospective follow-up data, residual confounding cannot be excluded. While the identified patterns
are consistent with previous studies in other populations, generalizing these findings to different ethnic
and geographic groups requires replication in independent cohorts with diverse demographic
characteristics.

4. Conclusions

Two distinct cardiometabolic profiles were identified among adults participating in the Hoveyzeh Cohort
Study. Class 2 was characterized by higher probabilities of hypertension, diabetes, low physical activity,
high saturated-fat intake, and metabolic waist compared with Class 1. However, latent class membership
was not significantly associated with incident dyslipidemia during approximately five years of follow-up.
These findings highlight the heterogeneity of cardiometabolic risk profiles in this population while
suggesting that class membership alone may not be sufficient to predict subsequent dyslipidemia.
Further longitudinal studies are warranted to determine whether these cardiometabolic profiles are
associated with other metabolic and cardiovascular outcomes.

5. Methods
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5.1. Study Design and Population

This study was conducted within the framework of the Hoveyzeh Cohort Study [11], a population-based
cohort study that is part of the Prospective Epidemiological Research Studies in Iran (PERSIAN) cohort
[18]. The present analysis used data collected during the reassessment phase, conducted approximately
five years after baseline enrollment. Approximately 30% of the original cohort participants were selected
using systematic random sampling and invited to participate in the reassessment. Participants who
completed the reassessment phase and had complete information on the variables required for latent
class analysis were eligible for the present study. Latent classes were derived using cardiometabolic and
lifestyle indicators measured at baseline, whereas incident dyslipidemia was assessed using data
collected during the reassessment phase approximately five years later. A total of 1,660 participants who
were free of dyslipidemia at baseline and had complete information for the primary analysis were
included in the final study population. Participants with missing information on any variables required for
the primary analysis were excluded, and no imputation was performed.

5.2. Cardiometabolic Indicators and Definition of Dyslipidemia

Five binary cardiometabolic indicators measured during the reassessment phase were included in the
latent class analysis: hypertension, diabetes mellitus, low physical activity, high saturated-fat intake, and
metabolic waist.

Hypertension was defined as systolic blood pressure =140 mmHg, diastolic blood pressure =90 mmHg,
current use of antihypertensive medication, or a self-reported physician diagnosis of hypertension.
Diabetes mellitus was defined as fasting blood glucose =126 mg/dL, current use of antidiabetic
medication, or a self-reported history of diabetes. Physical activity was assessed using the International
Physical Activity Questionnaire (IPAQ) and expressed as metabolic equivalents of task (METs) [19]; low
physical activity was classified as the unhealthy exposure category. High saturated-fat intake was
defined according to the prespecified categorization of saturated fatty acid intake, with the highest
consumption category representing the unhealthy exposure. Metabolic waist was defined according to
the prespecified study criteria based on waist circumference and metabolic risk characteristics.

Dyslipidemia was defined according to the Adult Treatment Panel Ill (ATP IlI) criteria as having at least
one abnormal lipid component, including elevated triglycerides (TG), elevated LDL-C, low HDL-C, or
elevated total cholesterol (TC) [20]. Lipid measurements were obtained from fasting blood samples (10-
12 hours) using standardized biochemical assays and a BT 1500 autoanalyzer. Quality control was
performed using standard control sera and Westgard—Levey-Jennings procedures [13]. Dyslipidemia
was assessed using the same diagnostic criteria at baseline and reassessment to ensure comparability
over time. Incident dyslipidemia was defined as newly developed dyslipidemia at reassessment among
participants who were free of dyslipidemia at baseline. Accordingly, all 1,660 participants in the analytic
cohort were free of dyslipidemia at baseline and were followed for approximately five years to assess
the occurrence of incident dyslipidemia.
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5.3. Demographic, Socioeconomic, and Lifestyle Variables

Demographic, socioeconomic, and lifestyle characteristics were considered potential covariates based
on prior epidemiological knowledge and their potential relevance to both latent class membership and
incident dyslipidemia. Age was categorized as 35-44, 45-54, 55-64, and =65 years, and sex was
categorized as male or female. Marital status was classified as single, married, widowed, or divorced.
Socioeconomic status was assessed using a household wealth index derived from household assets
and living conditions and categorized into quintiles ranging from poorest to richest [21,22]. Place of
residence was classified as urban or rural, and educational attainment was categorized as illiterate,
primary school, secondary school, high school diploma, or university level.

Smoking status was defined according to lifetime cigarette consumption, with participants who had
smoked at least 100 cigarettes during their lifetime classified as ever smokers [11,23]. Dietary intake
was assessed using a quantitative 130-item food-frequency questionnaire (FFQ), and nutrient intakes,
including energy, were estimated using N4 nutrition analysis software [24]. Saturated fatty acid intake
was categorized into quartiles according to its distribution in the study population.

5.4. Latent Class Analysis

Latent class analysis (LCA) was conducted using generalized structural equation modeling (GSEM) with
a logit link to identify unobserved subgroups of participants with similar cardiometabolic profiles. Five
binary cardiometabolic indicators, including hypertension, diabetes mellitus, low physical activity, high
saturated-fat intake, and metabolic waist, were included in the latent class model.

Two, three, and four-class models were estimated and compared based on model fit, convergence, class
interpretability, and posterior class-membership probabilities. Akaike information criterion (AIC) and
Bayesian information criterion (BIC) were used for model comparison when models successfully
converged. Participants were assigned to the class for which they had the highest posterior membership
probability. Conditional probabilities of the five indicators within each class were used to characterize
and label the latent cardiometabolic profiles.

5.5. Statistical Analysis

Descriptive statistics were used to summarize the characteristics of the study population and the
distribution of baseline characteristics across latent classes. Differences in categorical variables
between latent classes were assessed using the chi-square test. Latent class analysis (LCA) was used
to identify distinct cardiometabolic profiles based on five predefined cardiometabolic indicators. The
optimal number of latent classes was determined by considering model convergence, Akaike
information criterion (AIC), Bayesian information criterion (BIC), class interpretability, and posterior
class-membership probabilities.
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Incident dyslipidemia was defined as the development of dyslipidemia during the approximately 5-year
follow-up among participants who were free of dyslipidemia at baseline. The cumulative incidence of
dyslipidemia was compared across latent classes. Relative risks (RRs) and corresponding 95%
confidence intervals (Cls) were estimated using generalized linear models with a Poisson distribution
and log link, with robust variance estimation to account for the binary outcome.

Crude associations between latent class membership and incident dyslipidemia were initially assessed.
Multivariable models were then adjusted for potential confounding variables selected a priori, including
sex, age group, socioeconomic status (wealth index and educational level), smoking status, and place of
residence. Class 1 was considered the reference category for latent class membership. Because the
cardiometabolic indicators used to derive the latent classes were components of the exposure definition,
these variables were not additionally included as covariates in the outcome models to avoid
overadjustment and potential adjustment for components of the exposure. All statistical analyses were
performed using Stata version 14.0. A two-sided P-value <0.05 was considered statistically significant.
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