1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Diabetes. Author manuscript; available in PMC 2022 March 23.

-, HHS Public Access
«

Published in final edited form as:
J Diabetes. 2021 December ; 13(12): 1043-1053. d0i:10.1111/1753-0407.13224.

Cardiovascular disease and risk of incident diabetes mellitus:
Findings from the Hispanic Community Health Study/Study of
Latinos (HCHS/SOL)

Celestin Missikpodel, Ramon A. Durazo-Arvizu?, Richard S. Cooper2, Matthew James
O’Brien3, Sheila F. Castaneda?, Gregory A. Talavera?, Linda C. Gallo#, Maria M. Llabre®,
Marisa J. Perera®, Krista M. Perreira®, Ana C. Ricardo’, Amber Pirzada®, James P. Lashl7,
Martha Daviglus?

Linstitute for Minority Health Research, University of lllinois at Chicago, Chicago, lllinois, USA

2Department of Public Health Sciences, Loyola University Chicago Health Sciences Campus,
Maywood, Illinois, USA

3Feinberg School of Medicine, Northwestern, Chicago, lllinois, USA
“Department of Psychology, San Diego State University, San Diego, California, USA
SDepartment of Psychology, University of Miami, Miami, Florida, USA

6Collaborative Studies Coordinating Center, University of North Carolina at Chapel Hill, Chapel
Hill, North Carolina, USA

"Division of Nephrology, Department of Medicine, University of lllinois at Chicago, Chicago,
lllinois, USA

Abstract

Background: Studies have reported an association between prevalent cardiovascular disease
(CVD) and risk of diabetes mellitus (DM). However, factors that may explain the association
remain unclear. We examined the association of prevalent CVD with incident DM and assessed
whether weight gain and medication use may explain the association.

Methods: Data from the Hispanic Community Health Study/Study of Latinos (HCHS/SOL) Visit
1 (2008-2011) and Visit 2 (2014-2017) were used to compare incidence of DM among individuals
with and without self-reported CVD at Visit 1. A total of 1899 individuals with self-reported

CVD were matched to controls free of self-reported CVD at Visit 1 using 1.1 propensity score
matching. Covariates included in the propensity model were sociodemographic characteristics,
lifestyle factors, comorbid conditions, and study site. The effect of self-reported CVD on incident
DM was examined using a generalized estimating equation. The mediating effects of weight gain
and use of cardiovascular medications were evaluated.
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Results: Covariate distributions were similar among individuals with and without self-reported
CVD. The incidence of DM among persons with self-reported CVD was 15.3% vs 12.7% among
those without self-reported CVD. Compared to individuals without self-reported CVD, individuals
with self-reported CVD had a 24% increased risk for incident DM (odds ratio = 1.24, 95%
confidence interval = 1.01, 1.51). The association between self-reported CVD and DM was
mediated by the use of beta-blockers (proportion explained = 25.4%), statins (proportion explained
= 18%), and diuretics (proportion explained = 8%). We found that weight gain did not explain the
observed association.

Conclusions: Prevalent cardiovascular disease was associated with a significant increased risk
of incident diabetes. The observed association was partially explained by some medications used
to manage CVD.
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INTRODUCTION

The past two decades have seen a dramatic increase in the number of people with diabetes
mellitus (DM) worldwide. In 2010, there were 150-220 million people with DM worldwide,
and this number is expected to reach 300 million by 2025.12 As of 2018, estimates showed
that 34.2 million US residents had DM,3 and the prevalence of DM in the United States

is expected to increase 120% by 2050.% The increasing prevalence of DM over the next
decades is alarming and calls for public health attention.

DM is a well-established and widely recognized risk factor for cardiovascular disease
(CVD). However, studies suggest that the relationship may be reciprocal, that is, that

CVD also increases the risk of developing DM.>:6 The mechanisms underlying the latter
association are not well understood. Several posited mechanisms for the association of
CVD with DM include gluconeogenesis and glycogenolysis resulting from neurohormonal
activation usually present in CVVD, catecholamine-induced increase insulin resistance,
shared inflammatory pathways in CVD and DM, and physical inactivity.> None of these
hypothesized explanations have been formally tested and several other mechanisms may

be involved as well. For instance, medications used for secondary prevention of CVD
might sometimes have unintended health consequences.’~9 Prior mechanistic, clinical, and
epidemiologic research suggests that commonly used pharmacological agents such as beta-
blockers, statins, and diuretics may cause metabolic derangements leading to increased risk
for incident DM but findings have been inconclusive.”~ In addition, studies have reported
higher risk for incident DM after coronary artery bypass graft surgery or transplant.10.11
Furthermore, the physical impairment associated with CVD may limit the capacity of people
with CVD to engage in physical activity'2 and promote weight gain,3 which are both
associated with elevated risk of DM. The extent to which the association of CVD with
incident DM can be attributed to weight gain or cardiovascular medications is not known.
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In the current study, we analyzed data from the Hispanic Community Health Study/Study of
Latinos (HCHS/SOL), using propensity score (PS) methods to test the hypothesis that CVD
was associated with increased risk of incident DM. We further investigated whether this
association was explained by weight gain or the use of beta-blockers, statins, and diuretics.
This analytical framework may provide supportive evidence for the association of CVD with
subsequent DM and elucidate potential underlying mechanisms.

2| METHODS

2.1| Study population

The HCHS/SOL is a population-based longitudinal study in the United States that enrolled
participants between 2008 and 2011.14 Participants were self-identified Hispanic/Latino
individuals aged 18-74 years at baseline, randomly selected from households in the Bronx,
New York; San Diego, California; Chicago, Illinois; and Miami, Florida. A stratified, two-
stage sampling method was used to select households. The design oversampled individuals
aged 45 to 74 years. A total of 16 415 participants were enrolled in the study. Each
participating institutional review board approved the study, and written informed consent
was obtained from all participants.

We restricted our study population to individuals without DM at baseline (Visit 1) and who
participated in Visit 2 data collection. Of the 16 415 participants at Visit 1, we excluded
4792 (29.2%) individuals who did not participate in the Visit 2 data collection. Of those
who participated in Visit 2 data collection (N = 11 623), we excluded 2401 with diabetes
and 8 with missing data on diabetes at Visit 1. We further excluded 149 individuals with
chronic kidney disease (defined as estimated glomerular filtration rate <60 mL/min/1.73
m?2), 162 individuals seropositive for hepatitis C virus or hepatitis B virus, 113 individuals
who self-reported chronic obstructive pulmonary disease (diagnosed by a doctor), 147
individuals with history of gestational diabetes, and 635 individuals because of missing
information on covariables at Visit 1 and diabetes at Visit 2, thus yielding 8008 eligible
individuals (Figure 1). We restricted our main analysis to a subset of 3798 individuals:
1899 individuals who self-reported prior CVD at baseline, and 1899 individuals who did
not report CVD but had similar probability or propensity to self-report CVD at baseline, as
described later. This approach was taken to address differential loss to follow-up because
3163 (31.6%) participants free of self-reported CVVD were lost to follow-up compared to
798 (25.4%) participants with self-reported CVD (P< 0.0001). By matching, we created a
control group of individuals without self-reported CVD that are comparable to individuals
with self-reported CVD with respect to observed covariates.

2.2 | Exposure and outcome assessment

Self-reported CVD at baseline (Visit 1) was defined as the presence of self-reported
coronary heart disease, cerebrovascular events, peripheral artery disease, or heart failure.
Incident DM at 6-year follow-up (visit 2) was defined by any of the following American
Diabetes Association criteria: fasting time >8 hours and fasting blood glucose of 126 mg/dL
or greater; fasting time less than 8 hours and fasting glucose of 200 mg/dL or greater;
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post-oral glucose tolerance test glucose of 200 mg/dL or greater; hemoglobin A1C of 6.5%
or greater; or use of antihyperglycemic medications.1®

2.3| Covariables

At HCHS/SOL Visit 1, sociodemographic data including age, sex, and Hispanic/Latino
background were self-reported. Additional self-reported information assessed at Visit 1
included smoking status, the average number of cigarettes smoked per day, alcohol use,
family history of diabetes, and 24-hour dietary recalls. Blood pressure, height, weight,

and waist circumference were ascertained on physical examination. Physical activity was
assessed using Actical accelerometers and categorized as high, moderate, and low. Venous
blood specimens were also collected at Visit 1 and analyzed to measure serum creatinine,
blood glucose, hemoglobin A1C, total and high-density lipoprotein (HDL) cholesterol, and
triglycerides. Alternate Healthy Eating Index 2010 (AHEI-2010), a measure of dietary
quality, was calculated from the 24-hour dietary recalls.1® Height and weight were used to
calculate body mass index as weight (in kilograms) divided by height (in meters) squared.
Hypertension was defined as systolic blood pressure 140 mm Hg or greater, diastolic blood
pressure 90 mm Hg or greater, or use of antihypertensive medications.}” Prediabetes was
defined as fasting time >8 and fasting blood glucose in range 100-125 mg/dL, or post-oral
glucose tolerance test glucose in range 140-199 mg/dL, or 5.7% < A1C < 6.5%. The
diagnosis of metabolic syndrome was made when three or more of the following factors
were present: hypertension, triglyceride =150 mg/dL, low HDL (HDL cholesterol <40
mg/dL in men and <50 mg/dL in women), fasting blood glucose =100 mg/dL, and waist
circumference =102 cm in men and =88 cm in women.18

2.4 | Mediating variables

We examined whether the association between self-reported CVD and incident DM was
explained by medication classes such as beta-blockers, statins, and diuretics as well as by
weight gain. HCHS/SOL obtained information on medications taken in the past 4 weeks
before the baseline examination. Participants were asked to bring in all prescribed or over-
the-counter medications. The medication information was used to uniquely identify drug
products based on their generic ingredients and then assigned to their medication classes.
Data were also gathered on weight at both Visit 1 and Visit 2, and weight gain was defined
as the difference in weight between the two visits.

2.5] Selection of the analytical sample

We matched HCHS/SOL participants based on their probability or propensity to self-report
CVD at baseline. The PS is the conditional probability of being exposed (eg, CVD) given

a vector of measured covariates and can be used to adjust for selection bias when assessing
causal effects in observational studies.1® We estimated the PS for self-reported CVD for
each participant using a multivariable logistic regression model, in which self-reported CVD
was modeled using all baseline covariates in Table 1, as well as interaction effects. We then
used the estimated PS to match participants without self-reported CVD to participants with
self-reported CVD who had very similar PS using greedy algorithms (nearest best match).20
Under the greedy algorithms, matches with the highest digit on PS are the best ones and
selected first, and then the next-best matches are selected in a sequential process until no
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further matches can be made.20 In our matching algorithm, we first attempted to match

each individual without self-reported CVD with a self-reported CVD individual who had a
similar PS to eight decimal places. Then we removed those matched pairs of individuals and
repeated the process matching to seven, six, five, four, three, two, and one decimal places.

2.6 | Assessment of baseline covariate balance

We compared the balance of all baseline covariates in Table 1 between individuals with

and without self-reported CVD before and after PS matching using the standardized
differences. A standardized difference greater than 10% is suggestive of a meaningful
covariate imbalance.2! We also used the standardized difference to compare the mean PS
score before and after matching, which directly quantifies the bias in the mean PS across the
two groups (individuals with and without self-reported CVD), expressed as a percentage of
the pooled SD. Before matching, the mean PS for people without self-reported CVD (n =
6052) was 0.193 (SD = 0.142) and in those with self-reported CVD (n = 1956) was 0.328
(SD =0.163), with an associated standardized difference of 87.8% (ftest Pvalue, <0.0001).
After matching, the mean PS for individuals without self-reported CVD (n = 1899) was
0.318 (SD = 0.154) and for those with self-reported CVD (n = 1899) was 0.319 (SD =
0.155), which yields a standardized difference of 0.7% (¢test P-value 0.81).

2.7| Statistical analysis

A generalized estimating equation (GEE) was used to calculate the odds ratio (OR) and
corresponding 95% confidence intervals (Cls) for the association between self-reported
CVD and incident DM. This method allowed accounting for the lack of independence
induced by PS matching. To assess the robustness of our findings, we analyzed data from
the unmatched sample (N = 8008) by performing weighted logistic regression adjustment to
estimate the association of self-reported CVD with incident DM; these analyses adjusted for
covariates used in the logistic regression model for PS. Because individuals were matched
regardless of their sampling units, analyses for the matched data were not weighted. We
also evaluated the association between self-reported CVD and incident DM among males
and females. The interaction between sex and self-reported CVD was assessed. Finally, we
examined the associations between CVD subtypes (heart failure and myocardial infarction)
and incident DM.

We further examined whether the association between self-reported CVD and incident

DM was explained by either weight gain or cardiovascular medication classes such as
beta-blockers, statins, and diuretics. For each mediating factor, we decomposed the total
effect into two different pathways: (a) the effect of self-reported CVD on DM through the
mediating pathway (ie, the natural indirect effect) and (b) the effect of self-reported CVD
on DM that is not through the mediating pathway (ie, the natural direct effect). For each
mediator, we determined the proportion mediated by calculating the ratio of the log indirect
effect and the log total effect. The mediation analysis was conducted using semiparametric
methods.2223 For each medication class, we estimated the total effect by regressing DM on
self-reported CVD using GEE model accounting for matching and follow-up time between
Visit 1 and Visit 2. To estimate the natural direct effect of self-reported CVD, we regressed
DM on self-reported CVD using GEE model in a subsample of individuals who were not
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on that medication (individuals who were not on beta-blockers, statins, and diuretics were
3486, 3437, and 3377, respectively). Restricting the analysis to medication free individuals
ensured that we isolated the effect of self-reported CVD that is hot mediated by the use

of that medication (ie, direct effect). Finally, the natural indirect effect was determined by
subtracting the direct effect from the total effect.22:23 All analyses were conducted using
SAS version 9.4 (SAS Institute, Inc., Cary, NC).

3| RESULTS

The mean (+SD) age of the 3798 PS-matched individuals was 52 (SD = 10.5) years (median:
53; range: 18-74), and 34.0% were males. Table 1 compares baseline characteristics by
CVD status before and after PS matching. Before matching, individuals with self-reported
CVD were more likely to be female and older as compared to individuals without self-
reported CVD. Individuals with self-reported CVD were more likely to have DM risk factors
including prediabetes, metabolic syndrome, obesity, family history of DM, high cholesterol,
and cigarette smoking at baseline. They more often had hypertension at baseline. Of the
1956 individuals with self-reported CVD and 6052 individuals without self-reported CVD

at baseline, 296 (15.1%) and 581 (9.6%) developed incident DM respectively at 6-year
follow-up (P < 0.0001).

After matching, individuals with and without self-reported CVD were very similar with
regards to baseline covariates (Table 1). The standardized difference for the mean PS was
0.7% in absolute value, thus demonstrating an excellent balance in measured covariates
across the two groups. The distributions of the PS score for individuals with and without
self-reported CVD matched were nearly identical (Figure 2). In the matched cohort, two-
thirds of beta-blocker users and about three in five statin and diuretics users self-reported
CVD (Table 2). Significantly higher proportions of people who were on beta-blockers,
statins, or diuretics at baseline developed DM at 6-year follow-up (beta-blockers and statins,
P<0.0001; diuretics, £=0.0043) (Table 2).

At 6-year follow-up, 290 (15.3%) of the 1899 individuals with self-reported CVD and

242 (12.7%) of the 1899 individuals without self-reported CVD in the propensity-matched
cohort developed incident DM (Figure 1). Compared to individuals without self-reported
CVD, individuals with self-reported CVD had a 24% increased risk for incident DM (OR
=1.24,95% CI = 1.01, 1.51) after adjusting for baseline hemoglobin A1C (Table 3). When
we adjusted for baseline covariables in the full (unmatched) cohort (n = 8008), we observed
similar but nonsignificant effect of CVVD on incident DM (OR = 1.22, 95% CI = 0.93, 1.58).
We found no evidence of interaction between self-reported CVD and sex (P= 0.4273). The
data showed that individuals with myocardial infarction and heart failure had increased odds
for incident DM, but the associations were not significant (myocardial infarction: OR = 1.45,
95% CI = 0.87, 2.41; heart failure: OR = 1.33, 95% CI = 0.71, 2.48).

Our results showed evidence of mediation of the effect of self-reported CVD through a
pathway involving cardiovascular medication use (Table 3). The largest indirect effect was
for beta-blockers (proportion explained = 25.4%), followed by statins (proportion explained
= 18%), and diuretics (proportion explained = 8%). Weight gain did not appear to explain
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the excess risk of DM associated with self-reported CVD: from baseline to the six-year
follow-up visit, individuals with self-reported CVD had a mean weight gain (in kilograms)
that was similar to that observed in individuals without self-reported CVD (0.87 + 6.66 and
0.80 £ 6.61, respectively, P=0.72).

4| DISCUSSION

Our findings provide evidence that CVD is associated with increased risk of DM. This
study showed that the association between CVD and incident DM was partially explained by
cardiovascular medications such beta-blockers, statins, and diuretics.

Both PS matching and regression adjustment method showed similar results for the
association between CVD and incident DM, which was not significant for the latter.
Methods based on PS have theoretical advantages over traditional regression methods

used to adjust for baseline differences between exposed and nonexposed groups in
observational studies.2425 A common concern in covariate adjustment methods is that

such models might be overfitted when there are too many covariates. Furthermore, the
statistical literature argues that covariate adjustment methods cannot reliably adjust for
differences in observed covariates across groups when the differences in the distribution

of these covariates are substantial.2425 In our study, individuals with and those without self-
reported CVD (full sample) were considerably different as evidenced by the approximatively
87.8% standardized difference in their PS. Thus, individuals with and those without self-
reported CVD markedly differed on baseline characteristics and regression adjustment may
not reliably account for these differences because the fitted regression model might be
interpolating between two nearly distinct groups.

A similar relationship between CVD and incident DM has been found in other studies.

A previous study reported that individuals with CVD and without comorbid DM have
35% increased risk of subsequently developing incident DM after controlling for other
risk factors.> A large cohort study followed a population free of diabetes after acute
cardiovascular event and found a significant increased risk of incident DM associated
with heart failure, with the strength of the association proportionate to the severity of
heart failure.26 The same study reported that mild, moderate, and severe heart failure was
associated with 34%, 63%, and 68% increased risk of incident DM, respectively. Findings
from other studies also concur with the results of the current study, showing that CVD
significantly increases the risk of incident DM.6:27

Several mediators in the pathway between self-reported CVD and incident DM were
examined in this study. Our results showed that the observed association between
self-reported CVD and incident DM was partly attributed to medications used in the
management of CVD. Beta-blockers, statins, and diuretics accounted for 25.4%, 18%, and
8% of the association between self-reported CVVD and incident DM, respectively. We also
noted that weight gain did not explain the association between self-reported CVD and
incident DM. These findings are important as beta-blockers, diuretics, and statins remain
among the most commonly used medication classes for treating CVD.
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The mediating effects of beta-blockers, statins, and diuretics on incident DM are

consistent with previous studies reporting a significantly greater risk of DM with these
pharmacological agents. Previous studies have linked new-onset DM to the use of beta-
blockers” and diuretics.8 A 3- to 6-year follow-up study has reported a 28% increased risk
for incident DM among individuals receiving beta-blocker therapy.” A meta-analysis has
found that atenolol and metoprolol are associated with a 30% and 32% increased risk for
incident DM, respectively.28 Diuretics were found to increase the risk of incident DM by
23%.8 Statin-based therapy was associated with a 9% increased risk of incident DM in
pooled data from 13 trials.2? Other studies found no association between beta-blockers,?
diuretics,” and statins3? and subsequent development of DM. The lack of association
observed in those studies may be explained by the type of study designs, the type of
beta-blocker used, dosages, and duration of follow-up. The results of this study also showed
that the use of beta-blockers was a stronger mediator for incident DM than the use of statins
and diuretics. This is consistent with prior research reporting that the association between
beta-blockers and incident DM is greater than that for other antihypertensive agents.” We
found that the mediating effect of statins appears greater than that of diuretics. A previous
study examining the diabetogenic effects of statins and diuretics has found a stronger effect
of statins than diuretics.®

The mediating effect of beta-blockers on incident DM is biologically plausible. Insulin
release from the pancreas is regulated by the autonomic nervous system.3! Thus,
pharmacological agents that affect this system can affect insulin secretion. Beta-blockers
can potentially inhibit beta-2 receptors involved in regulation of pancreatic autonomic
pathways, thus attenuating insulin release from the pancreas. Studies have reported that
propranolol infusion caused decrease in insulin secretion.32:33 Beta-blockers have also been
reported to decrease insulin sensitivity.34 The mechanisms underlying the increased risk of
DM associated with the use of statins and diuretics are not fully understood. Hypotheses
for statin-induced DM have focused on statin-induced insulin resistance, inhibition of
insulin secretion and synthesis, and decreased insulin-mediated cellular glucose uptake.3°:36
The mechanism for diuretics-induced DM has been postulated to result from diuretics-
induced hypokalemia leading to decreased insulin secretion and/or decreased insulin
sensitivity.37-38 However, a study has reported no association between diuretics-induced
change in potassium and blood glucose.3°

This study has several limitations. First, data were not available on doses of drugs,
medication adherence, and the duration of treatment. Second, we did not examine
differences in incident DM rates across specific types of beta-blockers and diuretics (eg,
cardio-selective vs non-selective beta-blockers, thiazides vs other diuretics) because the
information for these classifications was not available. Third, the present study might also be
subject to self-report bias because CVVD was self-reported. Fourth, the results of this study
might be because of residual confounding related to unmeasured or hidden covariates. It is
unlikely that a hidden covariate related to both CVVD and DM could exist and be completely
unrelated to any of the covariates used in our PS model. Furthermore, such confounding is
unlikely to explain our results given that beta-blockers, statins, and diuretics have generally
been thought to increase the risk of DM. Fifth, inadequate matching might also affect

the findings of this study; however, individuals with and without self-reported CVD in
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our analytic sample were nearly identical with a mean PS difference of 0.7% in absolute
value. Sixth, although the exclusion of unmatched individuals might have compromised to
some degree the external validity of the results presented in this study, we believe that our
matching procedure improves internal validity.

Notwithstanding these limitations, the findings from this study add to the growing concern
that beta-blockers, statins, and diuretics may be diabetogenic. These drugs are recommended
for secondary prevention of CVD because of their proven benefits. The increased risk of
DM associated with the use of these drugs should not discourage clinicians from prescribing
them, but rather, should be weighed against their proven cardiovascular benefits.

Our results suggest that the excess risk of on incident DM associated with self-reported
CVD was not completely explained by the three potential mediators identified in our
analysis. Thus, the results highlight the need for investigation of other factors that might
account for the unexplained risk. Furthermore, additional studies are needed to more fully
understand the mechanisms by which beta-blockers, diuretics, and statins increase DM risk.

5| CONCLUSIONS

Using data from the HCHS/SOL, we found that the association between CVD and incident
DM was partly attributed to beta-blockers, statins, and diuretics. The current study suggests
that further research is needed to examine the risk/benefit ratio of using these medications
for their known cardiovascular benefit vs the potential risk for incident diabetes.
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Highlights

Prior studies have reported an association between cardiovascular disease
and risk of incident diabetes mellitus. However, factors that may explain the
association remain unclear.

Using propensity score matching, we reinforced the concern that
cardiovascular disease may increase the risk of developing diabetes mellitus.

We further showed that the association between cardiovascular disease
and incident diabetes mellitus was partially explained by cardiovascular
medications such as beta-blockers, statins, and diuretics.

J Diabetes. Author manuscript; available in PMC 2022 March 23.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Missikpode et al.

Self-reported CVD
unmatched (n=57)

Visit 1 (Baseline)
n=16415 (HCHS/SOL)

Page 13

4792 Excluded (did not participate
——* | inVisit 2 data collection)
Participated in Visit 2
n=11623
2409 Ineligible (2401 and 8 with
. diabetes and missing data on
diabetes at Visit 1, respectively)
1206 Excluded (CKD: 149; viral
hepatitis: 162; COPD: 113;
——» | gestational diabetes: n=147;
missing data on covariates at Visit
Eligible 1 and diabetes at Visit 2: 635)
n=8008
Self-reported CVD No self-reported CVD
n=1956 n= 6052
No self-reported CVD
«— E—
unmatched (n=4153)
Self-reported CVD No self-reported CVD
matched (n=1899) matched (n=1899)

| I

Incident Diabetes (n=290) Incident Diabetes (n=242)
Incidence Rate=15.3% Incidence Rate=12.7%

CKD=chronic kidney disease; COPD=chronic obstructive pulmonary disease; CVD=cardiovascular disease

FIGURE 1.

Flow chart of study population selection. CKD, chronic kidney disease; COPD, chronic
obstructive pulmonary disease; CVD, cardiovascular disease; HCHS/SOL, Hispanic
Community Health Study/Study of Latinos
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Propensity score distributions
Before Matching
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FIGURE 2.
Propensity scores for participants with and without cardiovascular disease. CVD,

cardiovascular disease

J Diabetes. Author manuscript; available in PMC 2022 March 23.



Page 15

Missikpode et al.

2T (6'5€) 189 (¥'9¢) 269 9'€e (9'52) LvST (9'5€) 969 (%) u *awolpus o1jogelIN
ze (8'7v) 158 (79v) 188 Syl (v'6€) e8ee (s9v) 016 (%) u *saraqe1p yo Aioisty Ajiue
vy- (§2) 105 (92) L6v 80T (52) 6'8v (52) L6y (@s) uesw ‘0T0Z-1IHY
09 (6'vv) €58 (6'Lv) 016 0TI (e'8Y) vv6 (8'2v) 065¢ ubiH
€G- (¥'sv) 198 (Lzv) 118 Gl- (9zv) ves (79v) Lose aJeIapoiN
€1~ (2'6) G8T (7'6) 8LT L'S- (T'6) 82T (8'01) 559 Mo
(%) u *1ana) Ananoe earsAud
8- (9°2v) 506 (8'sv) 698 v'6- (8z'09) evoe (09°sv) 268 wauny
L0~ (T'5€) 999 (2'v€) 099 [A4) (T9'62) 98.T (zz'se) 689 Jawuiod
LS (e'L1) 82€ (s'61) 02€ 9z- (tz'02) €2eT (L1'6T) GL€ JanaN
(%) u ‘asn joyod|y
ze- (TsT) 59 (SeT) 19 G'6T (9o1) 8°€ (Len) 29 (@s) uesw ‘sieak xoed anarebiy
Gz (vS'8T) 26 (921) vee 0§ (T9'97) S00T (581) 29¢ waund
€G- (cz02) v8e (r'ze) Gev G0oT (e€91) 886 (¥°02) 66€ Jawio4
4 (¥2'19) €9TT (0°09) ov1T gzl (20°29) 6S0¥ (T'19) S6TT JaneN
(%) u ‘asn anasebi)
LT- (52 v (cd) ey TS (0¢) €8t (co) ev 9 afeyay JaLO/aUO UBY} 310N
T'e- (€'8) 26T (L) T 8- (0'8) 58v (€L evt G UBdLIBWY YIN0S
9'g (zL1) 92 (e'61) L9€ §'9z (2'01) 059 (z'02) 96¢ ¥ ueary opand
8T~ (e'5€) 029 (5'v€) v59 €Te- (T'vv) 0L9¢ (8'€€) 199 € UedIXalN
[ (9°€1) 652 (v1) vi2 9T~ (8'v1) 268 (e'v1) 622 ¢ uegnd
T'e- (6'01) 802 (0'0t) 06T T5- (#'71) 689 (8'6) 26T T UBdLIBWY [elua)d
z0- (czr) zee (cer) 1T 06T (62) 8L (rer) eve 0 UedluiwoQ
(%) u ‘punoibxoeg oure/o1uedsiH
91T~ (2'9¢) 269 (z'1€) €65 6'ST- (9'8¢) g€ (0'7€) 209 (%) u ‘(srew) xas
90 (L01) 618 (eo1) 0'2S L'18 (Tem) Ley (ro1) €es (as) ueaw ‘sreak ‘aby
(%) soualayip pazipaepuels  (668T =U) ON  (668T = U) SBA (%) d0uaJaylp paziptepuels (2509 = U) ON  (9G6T = U) SeA SofIsiIa3oRIRYD BUljaseq
AAD pamodaI-yIes AAD pamodai-yies
(86.€ = u) Buryoyew sayy (8008 = u) Buryoyew aio4eg

(T BSIA) auljaseq e sa1aqgelp noyum siuedionied 10S/SHOH Buowe Buiydrew a109s Alisuadoid Jsiye pue 310jaq - aUI|3Seq 1. 323Yd adue|eq a1eLIeA0)

T31avl

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Diabetes. Author manuscript; available in PMC 2022 March 23.



Page 16

Missikpode et al.

"souze 10 Apms/Apms yiesH Aunwiwio) oluedsiH “JOS/SHOH 8seasip JejnaseAolpaed ‘aAD ‘Xapul ssew Apog ‘|G ‘xapu| Bunes AyijesH a1eussl|y ‘0T0Z 1I3HY :SUOIRIA3IGOY

"30UB[RGI S1RLIBA0D [nJBUIUBSW © JO aAIISABONS SI 040T < 80UBIBYIP pazipiepuels v afelusoiad se passaldxe ‘As pajood ayy AQ PSPIAIP 90UBJBLIP UBSW SU} SI SOUBISYIP PAZIPIEPUBRIS FJON

0 (70) 9's (70) 95 L'ee (e0)g'g (70) 9's (@s) uesw 'JTV uigojBowaH
8¢ (ov) 9L (8'v) 16 G (T'v) Lv2 (0'9) 86 (ov = 1AG) 111 98300
9Y (6'01) L0T (rer) see 8'GT (08) 98v (8'2z1) 152 (ov > WG S G€) 11 85900
9T- (922) Ses (6'92) 11 G'§ (7'v2) vLvT (8'92) €25 (se>1NEa 5 0g) 195300
LS (55¢) v29 (z'8¢) 922 L9- (6'0v) 6L¥7C (228) 181 (0 > 1NG 5 52) Wb1_MIBAD
€01~ (T'12) 00Y (0L1) €28 0eI- (8'12) 8TIET (021) €ge (Sz > 1G5 §'8T) [ewloN
v'e- (6'0) LT (Lo)et 60- (8'0) 8% (L°0) vT (58T > 1INI9) WBramiapun
(%) u ‘saiiobaled NG
LT- (c19) 2911 (7°09) 9¥TT AL (8'sv) eLLe (2'09) 88TT (%) u ‘seraqeIPald
0 (9ev) 828 (9vv) Lv8 A3 (e'8¢) 81€C (8'vv) 9.8 (%) u ‘|osaysajoya [e10} YbIH
T0- (e2€) ¥19 (e2e) €19 9'6E (5'91) 000T (e€€) 259 (%) u ‘uoisuspedAH
(%) a0ua1ayip paziptepuels (6687 =U) ON  (668T = U) SBA (%) 30UBIHIp pazipJepuels (2609 = U) ON  (9G6T = U) SaA solsLIsloeIeL Buljased
AAD paniodal-y|es AAD paniodal-y[as
(86.€ = u) Buryorew Jayy (8008 = u) Buiyorew s104eg

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Diabetes. Author manuscript; available in PMC 2022 March 23.



Page 17

Missikpode et al.

(86/€ = U) 1IOY0D paya1eW 8y Ul (T USIA) auUljaseq e asn UoIedIpaw Aqg S818GRIp JUSPIdUI pue aseasip JejnaseAolples pauodal-J|as 10 uonngiisiq

Author Manuscript

*3SeaSIP JBINISEAOIPIED ‘QAD :UOIBIABIGGY

‘papiodau ate sabelusolad Moy "asn UONEDIPSLL U0 UOIBWIOJUI BUISSIW pey S|enpIAIpUl PaydIewW aulu-AIUsAsS BIoN

(9'98) 9582
(518) eve
€000
(2'98) €162
(¢62) 982
7000°0>
(8'98) 956¢
(622) evT
7000°0>
anjeA- 4 ON

(vet) 2vy
(s81) 82

(e€T) Svv
(8°02) 52

(zeT) 157
(T'22) 69

SOA

(2'08) 2291
(zvv) 981
81100
(z19) T2LT
(628) LT
1000°0>
(L'18) 2oLt
(8'0¢) 96
1000°0>
anjeAn d ON

(e'6¥) 929T
(8'99) sez

(L'8Y) L€9T
(T'29) ez

(e'8Y) S¥9T
(z'69) 912

SAA

(dn-mojjod) Z USIA Te se18gelp 1uspIou|

¢ 31avl

Author Manuscript

(suraseq) T USIA 18 AAD paliodal-j|as

Author Manuscript

ON
SAA
(%) u ‘asn sonainig
ON
SAA
(%) u ‘asn uneIS
ON
SAA
(%) u ‘asn Jax00|q-e1eg

SUOIRIIP3IAI

Author Manuscript

J Diabetes. Author manuscript; available in PMC 2022 March 23.



Page 18

Missikpode et al.

Author Manuscript

*35easIp JeINISeAOIPIRD ‘AAD ‘Xapu| Bune AyijesH aleuls)|y ‘0T0Z 1I3HV :SUOIRIARINGY

"(Moy02 payorew) £/24°0 =d “AAD PUe X8s
uonoelau| *DTY ulgojBowsay auljaseq pue ‘sajaqeipaid ‘aWoIpuAs d1jogelsw ‘Jola1sajoyd yobiy ‘uoisusuiadAy ‘se1aqelp Jo AIolsiy Ajiwey ‘Xapul ssew Apoq ‘(0T0Z-13HY) Xapul Buires Auyiesy ‘[ans] Alaioe
1eaisAyd ‘asn joyooje ‘Buyows anasebio ‘punolbxoeq oule]/oluedsiH ‘Xas ‘abe ‘g JSIA pue T USIA UssMIag awil dn-mojjos 1oy palisnipy :ge [9pOIN DTV ulqojboway auljaseq pue ‘xas ‘abe ‘g JSIA pue T
USIA UsaMIBq 8wl dn-moj|oy 10y palsnipy :qz [3pOIAl "2V UIqo|BoLuay suljaseq pue ‘Xas ‘z USIA PUe T USIA usamiag sl dn-moj|o} 10} paisnlpy :Bz [9POIAl 2 USIA PUB T NSIA Usamiag awil dn-moj|o} 10}
paisnipy :qT [9POIAI pue BT [9pOIAl "(110Y09 |[eIaA0) #8€ = U ‘(1oyod paydrew-Ansuadold) €T = U :uonoJesul [RIPJeI0AIA “(110Y0I |[8I9A0) BOE = U ‘(1oyod paydrew-Ansuadold) €6 = U :ainjiey LeaH 970N

(682 '550) ST'T
(59'€'0L°0) 09'T
(Fr'1'9L°0) SO'T
(822 '86°'0) 6Y'T
(85'1'€6°0) 22T

g€ I3SPON

(e5z'850) 22T
(52'€'99°0) 25T
(¥S'T'6L°0) OT'T
(6272 '€0T) ¥S'T
(69'T '70'T) 0E'T

qc I3ponN

(L9€'eTT) ¥0C
(e2'v '66'0) S0'C
(€52 '8y T) ¥6'T
(sse'0LT) S
(69'C'TLT)ST'C

qT ISpOnN

(Tr'z 'L80) Sv'T
(8v'2'TL0) €ET
(6Y'T'16'0) 9T'T
(68'7'86°0) 9€'T
(1S T'10T) ¥2'T

BC [3POIN

(622 '68°0) €V'T
(L1'2'89°0) 12T
(T5'1'96'0) 02'T
(627'26°0) 2€'T
(8¥'1'€0'T) €21

BT [3pON

(8008 = U) 110409 |[e48AO

(86.€ = u) 110Y09 paydrew-Ansuadoad

8
08T
¥'ae

(%) paurejdxa uonodoid

sonainiq
suneis
$13%20]q-e19g

SI01RIP3IA

uoIoJeUI [RIPJRI0AIN

ain|iey LeaH
alewaS

3eIN

A4
ano

S8]90RIP 1UAPIOUI PUE 9SBaSIP JBINISBAOIPIRD USBMISE UOITRID0SSE 8] JO S|eAISIUI 80USPIILOD 04GE PUR SOl SPPO

€31avl

Author Manuscript

Author Manuscript

Author Manuscript

J Diabetes. Author manuscript; available in PMC 2022 March 23.



	Abstract
	INTRODUCTION
	METHODS
	Study population
	Exposure and outcome assessment
	Covariables
	Mediating variables
	Selection of the analytical sample
	Assessment of baseline covariate balance
	Statistical analysis

	RESULTS
	DISCUSSION
	CONCLUSIONS
	References
	FIGURE 1
	FIGURE 2
	TABLE 1
	TABLE 2
	TABLE 3

