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Diabetes Drives Cardiovascular Risk in the Metabolic Triad:
An Eight-Year Occupational Cohort Study of Ten
Thousand Workers
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Abstract

Background: Cardiovascular diseases remain the leading cause of
death and maintain a high burden in Latin America. Obesity, hyper-
tension, and type 2 diabetes are independent risk factors, but their
coexistence could amplify cardiovascular damage beyond their indi-
vidual sum. The aim of our study was to determine, in a Peruvian
occupational cohort followed for 8 years, how the coexistence of
obesity, hypertension, and diabetes is associated with the incidence
of major cardiovascular events and to identify which combinations
confer the highest risk.

Methods: This was a retrospective observational cohort study of Pe-
ruvian workers without cardiovascular history, followed for 8 years.
Obesity, hypertension, and diabetes were evaluated in eight mutually
exclusive categories. The outcome was cardiovascular disease. Ad-
justed risk ratios were estimated using Cox regression, adjusted for
age, sex, cholesterol, and triglycerides.

Results: A progressive risk increase pattern was observed where
the group without components had an incidence of 1.30 per 1,000
person-years, while the triad reached 34.94 per 1,000 person-years
with adjusted hazard ratio (aHR) = 10.87 (2.81 - 42.06). Among iso-
lated components, diabetes showed the highest risk (aHR = 4.24;
1.36 - 13.35) compared to obesity (1.45; 0.68 - 3.10) and hyperten-
sion (1.17; 0.32 - 4.24). In combinations, obesity + diabetes (aHR =
6.34; 1.73 - 23.27) and diabetes + hypertension (5.86; 1.47 - 23.39)
concentrated the highest risks, above obesity + hypertension (2.01;
0.71 - 5.72).

Conclusions: In the working population, the coexistence of obesity,
hypertension, and diabetes progressively increases CVD risk, with
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diabetes as the main axis and the triad identifying a very high-risk
subgroup. These findings support periodic screening and intensive
multifactorial management in the occupational setting, prioritizing
those presenting diabetes alone or in combination.
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Introduction

Cardiovascular disease (CVD) constitutes the leading cause of
mortality worldwide, accounting for approximately 18.6 mil-
lion annual deaths, representing 31% of all global deaths [1]. In
Latin America and the Caribbean, this problem acquires critical
dimensions, where CVD represents approximately 1 million
annual deaths, with a regional age-standardized prevalence of
7.0% [2]. Despite a 69.8% decrease in age-standardized mor-
tality rates since 1990, absolute numbers have increased by
71.2%, reflecting population aging and epidemiological tran-
sition [3]. The economic impact in the region is devastating,
with an estimated cost of 31 billion dollars annually in nine
Latin American countries [4].

Obesity, arterial hypertension, and type 2 diabetes mel-
litus are consistently recognized as independent risk factors
for major cardiovascular events. Large-scale studies such as
INTERHEART have demonstrated that these modifiable fac-
tors account for a substantial proportion of population-attrib-
utable risk for myocardial infarction globally [5]. Furthermore,
metabolic syndrome confers a relative risk of approximately
two-fold for cardiovascular disease [6]. Likewise, even with
optimal control, type 2 diabetes is associated with an approxi-
mately 45% increase in heart failure risk [7]. In Latin America,
hypertension represents the risk factor with the highest popu-
lation attributable fraction for cardiovascular events (18.7%),
followed by abdominal obesity (15.4%) and diabetes (5.3%)
[8]. However, the simultaneous coexistence of these three met-
abolic conditions, termed the “metabolic triad,” could generate
a synergistic effect that amplifies cardiovascular risk beyond
the simple sum of their individual effects. Unlike metabolic
syndrome, which functions as a dichotomous diagnostic la-
bel implicitly assuming equivalent contributions from all its
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components, the metabolic triad approach allows for the dis-
aggregated evaluation of obesity, hypertension, and diabetes
- both individually and in specific combinations - to determine
whether each component carries equal weight or whether one
acts as the primary driver of cardiovascular risk. Furthermore,
these three conditions represent established clinical diagnoses
per se, routinely assessed in occupational health evaluations,
facilitating practical risk stratification.

Despite the epidemiological relevance of this phenomenon,
significant research gaps remain. First, available evidence comes
predominantly from studies in general populations or hospital
settings, while active workers, a relatively young and healthy
population with access to periodic medical evaluations, have re-
ceived limited research attention. Second, this knowledge gap
is particularly pronounced in Latin America, where longitudinal
cohort studies are scarce, limiting the generalizability of find-
ings from European or North American populations to different
socioeconomic and genetic contexts. Third, cardiovascular risk
models specific to Latin American populations have not been
developed to date, hindering the design of culturally adapted
preventive strategies for working populations [9].

In this context, the present study analyzes an 8-year fol-
low-up cohort of workers evaluated at an occupational clinic
in Peru. The primary objective was to estimate the incidence
of major cardiovascular events and evaluate the association
between different combinations of the metabolic triad compo-
nents (obesity, hypertension, and diabetes) and cardiovascular
risk, using hazard ratios (HRs) derived from Cox regression
models. The secondary objective was to identify which spe-
cific metabolic combinations confer the highest cardiovascular
risk and to determine whether any single component acts as the
primary driver of risk within the triad. Identifying which meta-
bolic combinations confer the highest risk could enable more
efficient allocation of preventive resources in occupational set-
tings, where periodic health evaluations offer a unique oppor-
tunity for early intervention.

Materials and Methods

Study type and design

This was a retrospective observational cohort study based on
systematic clinical records of workers evaluated at an occupa-
tional clinic in Peru. Data were originally collected prospec-
tively as part of routine occupational medical surveillance
over an 8-year period (2014 - 2021), during which clinical, an-
thropometric, and laboratory information was gathered, along
with identification of major cardiovascular events. However,
the present analysis was conducted retrospectively using these
pre-existing records, which were not originally collected for
research purposes.

Population, sample, and eligibility criteria

The cohort comprised working adults of both sexes, aged be-
tween 18 and 65 years, from different occupational settings.

All participants were evaluated through a standardized oc-
cupational medical surveillance program, implemented in
three specific stages of their work trajectory: pre-occupational
evaluation (at entry), periodic evaluations (during work per-
formance), and post-occupational evaluation (at termination of
employment).

Inclusion criteria included participants who were working
at study initiation and had complete records of blood pressure,
glucose levels, and anthropometric parameters (such as weight
and height), as well as their covariates. Additionally, comple-
tion of at least two clinical evaluations separated by a mini-
mum interval of 1 year was required to allow follow-up of the
metabolic triad components. Individuals with a history of car-
diovascular disease (such as myocardial infarction or stroke)
at baseline or with incomplete information on study variables
were excluded.

As this study is based on secondary data originally col-
lected for occupational surveillance purposes, a formal a priori
sample size calculation was not applicable. A non-probabilistic
consecutive sampling approach was employed, including all
workers from the clinic’s database who met the eligibility cri-
teria during the study period (2014 - 2021). Additionally, the
completeness of clinical and laboratory data depended on the
specific evaluations requested by each employer, as occupa-
tional surveillance protocols vary according to job risk profiles
and company requirements. Workers whose employers did not
request glucose measurement, blood pressure assessment, or
anthropometric evaluation were not included due to missing
exposure data.

Variables and measurement

The main exposure variables were arterial hypertension, obe-
sity, and type 2 diabetes mellitus. Hypertension was defined as
systolic blood pressure values > 140 mm Hg or diastolic > 90
mm Hg [10], or self-reported physician diagnosis of hyperten-
sion. Obesity was established using either a body mass index
(BMI) > 30 kg/m? or abdominal obesity defined as abdominal
circumference (AC) > 88 cm in women and > 102 ¢m in men.
Type 2 diabetes mellitus was determined by fasting plasma
glucose levels > 126 mg/dL after a minimum 8-h period with-
out caloric intake [11], or self-reported physician diagnosis of
diabetes. From these three conditions, a composite variable
was constructed that classified participants into eight mutu-
ally exclusive categories: 1) no condition (reference group); 2)
obesity only; 3) hypertension only; 4) diabetes only; 5) obesity
and diabetes; 6) diabetes and hypertension; 7) obesity and hy-
pertension; and 8) all three conditions simultaneously.
Primary outcomes were incident major cardiovascular
events, defined as the first documented occurrence of acute
myocardial infarction or stroke during the follow-up period.
Event ascertainment followed a two-stage process: initial iden-
tification occurred during periodic occupational evaluations,
where workers reported hospitalizations for cardiovascular
events. All reported events were then verified against hospital
discharge records transmitted to the employing company and
subsequently to the occupational clinic. In the occupational
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health context, major cardiovascular events requiring hospi-
talization are systematically documented because they gener-
ate mandatory sick leave, medical reassessment, and potential
work restrictions or job reassignment. Final event classifica-
tion was therefore based on hospital discharge diagnoses ac-
cording to treating physician criteria, not on self-report alone.

Covariates such as age and sex (classified as male or fe-
male) were also considered. Alcohol consumption and smok-
ing habits in the last 30 days were recorded in binary format
(“yes” or “no”), consistent with standardized occupational
health surveillance protocols in Peru. AC, total cholesterol,
and triglycerides were evaluated as continuous variables for
the main analysis. However, for purely descriptive purposes
and to facilitate clinical interpretation by decision-makers,
these variables are also presented categorized according to
cutoff points established in clinical guidelines.

For descriptive population characterization, abdominal
obesity was defined as AC > 88 ¢cm in women and > 102 cm in
men. Triglycerides were considered elevated with values > 150
mg/dL, and hypercholesterolemia was defined as total choles-
terol > 200 mg/dL. It is important to emphasize that these cat-
egorizations were used solely for sample description (Table 1),
while association analyses preserved the continuous nature of
these variables through modeling with restricted cubic splines
(RCS), thus avoiding the loss of information and statistical
power inherent to dichotomization, as we will elaborate in the
statistical analysis section.

Procedures

Participant evaluation was developed in several stages, be-
ginning with registration of personal and occupational data
in clinical records, which allowed the formation of complete
clinical files for longitudinal follow-up.

Subsequently, a general physical examination was per-
formed that included measurement of blood pressure, BMI,
and AC. Blood pressure was recorded using a digital sphyg-
momanometer (Omron), performing three successive meas-
urements with 5-min intervals. Evaluations were carried out
with the participant seated, with straight back and feet flat on
the floor. The arm was positioned at heart level, and the final
value was obtained by averaging the last two readings of sys-
tolic and diastolic pressure, expressed in mm Hg.

BMI was estimated from weight and height measurements
using calibrated equipment (scale and stadiometer). Meas-
urements were performed with workers barefoot and wear-
ing light clothing. BMI calculation was performed using the
standard formula: BMI = weight (kg)/height’ (m?). AC was
measured with a measuring tape positioned between the lower
edge of the last rib and the upper edge of the iliac crests. The
value was recorded in cm.

Subsequently, biochemical parameters were evaluated
through laboratory analysis. Participants were instructed to fast
for at least 8 h before sample collection. Blood draws were per-
formed under aseptic conditions, following biosafety protocols,
and were processed in an accredited clinical laboratory. Fasting
glucose, triglycerides, and total cholesterol values were obtained.

Table 1. General Characteristics in the Worker Sample

Characteristics

N=10,300

Sex
Female
Male
Age
Age group
18 - 59 years
60 years or older
Smoking status
No
Yes
Alcohol consumption
No
Yes
Body mass index
Abdominal circumference
Systolic blood pressure
Diastolic blood pressure
Fasting glucose
Triglycerides
Cholesterol
Obesity by BMI
No
Yes
Abdominal obesity
No
Yes
Hypertension at baseline
No
Yes
Diabetes at baseline
No
Yes
Metabolic triad
Normal
Obesity only
Diabetes only
Hypertension only
Obesity + diabetes

Obesity + hypertension
Diabetes + hypertension

Metabolic triad

1,589 (15.43%)
8,711 (84.57%)
37.17 (11.53)

9,847 (95.60%)
453 (4.40%)

6,031 (58.55%)
4,269 (41.45%)

5,143 (49.93%)
5,157 (50.07%)
27.18 (4.02)
91.15 (10.41)
110.93 (12.14)
71.68 (13.88)
94.11 (21.24)
145.36 (82.55)
196.32 (37.28)

8,036 (78.02%)
2,264 (21.98%)

8,213 (79.74%)
2,087 (20.26%)

9,763 (94.79%)
537 (5.21%)

10,044 (97.51%)
256 (2.49%)

7,049 (68.44%)
2,509 (24.36%)
115 (1.12%)
216 (2.10%)
90 (0.87%)
270 (2.62%)

17 (0.17%)

34 (0.33%)

Data are presented as n (%) or mean (standard deviation).
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Finally, a structured interview was applied to gather
health-related habits, such as recent alcohol and tobacco con-
sumption. All information was recorded on a secure electronic
platform. It is important to note that data were collected as part
of routine medical care, without research purposes at origin.

Statistical analysis

For statistical analysis, data were initially recorded in Micro-
soft Excel spreadsheets and subsequently subjected to a rigor-
ous process of cleaning, debugging, and validation to ensure
information quality. All analyses were performed using RStu-
dio software (version 4.1.0 or higher), supported by the sur-
vival, rms, and msm packages.

Participants with incomplete baseline data on exposure var-
iables (blood pressure, glucose, or anthropometric parameters)
or covariates were excluded, resulting in a complete-case analy-
sis. For time-to-event analyses, participants who discontinued
employment or were lost to follow-up without experiencing a
cardiovascular event were censored at their last evaluation date.

A descriptive analysis of baseline cohort characteristics
was conducted. Categorical variables were summarized us-
ing absolute frequencies and proportions, while continuous
variables were described using measures of central tendency
(mean) and dispersion (standard deviation (SD)), following
normality assessment.

To identify associations between combinations of obesity,
hypertension, and diabetes with cardiovascular outcomes, Cox
regression models for time-to-event data were used. Crude HR
(cHR) and adjusted HR (aHR) were estimated, along with their
respective 95% confidence intervals (Cis). The proportional
hazards assumption was evaluated using the Schoenfeld resid-
uals test, both globally and for each covariate. No significant
violations were detected (global test P =0.133), supporting the
validity of the Cox regression estimates.

Variable selection for the adjusted model was based on
a directed acyclic graph (DAG) constructed based on prior
knowledge and biological plausibility. This causal analysis
identified as minimal sufficient confounders for the adjust-
ment set: sex, age, smoking status and alcohol consumption,
total cholesterol, and triglycerides. Other potentially relevant
variables were not included in the model as they were identi-
fied as mediators in the causal pathway between exposures and
outcome, which would have introduced overadjustment bias.
Specifically, AC was not included due to its high multicollin-
earity with BMI (variance inflation factor > 10), with BMI be-
ing the primary anthropometric measure selected.

The final model included sex as a binary categorical vari-
able, while age, total cholesterol, and triglycerides were mod-
eled using RCS with three knots, allowing capture of possible
non-linear relationships with the outcome without assuming
arbitrary cutoff points or strictly linear relationships.

Ethical considerations

This study was conducted following appropriate ethical proce-

dures, having secured the necessary institutional permissions
from the clinic to access and utilize the workers’ database. The
research protocol received formal approval from the Institu-
tional Review Board of Toribio Rodriguez de Mendonza Uni-
versity of Amazonas, Peru.

Data protection protocols were rigorously implemented
throughout the study. The clinic provided completely deidenti-
fied datasets, with all personal identifiers removed to ensure
participant anonymity. This approach safeguards individual
privacy and maintains strict confidentiality standards, which
are essential principles in health research ethics. Database ac-
cess was restricted solely to the principal investigator, thereby
reducing potential risks of confidentiality breaches. To promote
scientific transparency and reproducibility, the anonymized
dataset has been made publicly available [12].

Results

The study included a cohort of 10,300 workers without a his-
tory of cardiovascular disease at baseline. A total of 79,660
records were identified in the occupational clinic database. Of
these, 67,611 were excluded due to missing follow-up time,
and 56 were excluded due to prevalent cardiovascular disease
at baseline, leaving 11,993 eligible participants. After exclud-
ing 1,693 individuals with missing anthropometric data, the
final analytical sample comprised 10,300 workers without a
history of cardiovascular disease at baseline (Fig. 1).

Baseline characteristics of the study population are pre-
sented in Table 1. The majority were men (84.57%), and the
mean age was 37.17 years (SD: 11.53). Additionally, 95.60%
of participants were in the 18 to 59 year age range. Regard-
ing lifestyle habits, 41.45% (n = 4,269) reported tobacco use
in the last 30 days and 50.07% (n = 5,157) reported alcohol
consumption.

From a metabolic standpoint, mean BMI was 27.18 kg/
m? (SD: 4.02), while AC had a mean value of 91.15 ¢m (SD:
10.41). Mean systolic blood pressure was 110.93 mm Hg (SD:
12.14) and diastolic 71.68 mm Hg (SD: 13.88). Fasting glu-
cose had a mean value of 94.11 mg/dL (SD: 21.24), triglycer-
ides averaged 145.36 mg/dL (SD: 82.55), and total cholesterol
196.32 mg/dL (SD: 37.28).

Regarding the combination of cardiometabolic triad com-
ponents, 2,509 participants (24.36%) presented obesity only,
115 (1.12%) diabetes only, and 216 (2.10%) hypertension only.
Additionally, 90 individuals (0.87%) were identified with obe-
sity and diabetes, 17 (0.17%) with obesity and hypertension,
17 (0.17%) with diabetes and hypertension, and 34 (0.33%)
with all three conditions present simultaneously.

Incidence and risk of the metabolic triad

A progressive increase in event risk was observed as the num-
ber of metabolic triad components increased. The reference
group, individuals without any of these components, recorded
the lowest incidence (1.30 per 1,000 person-years; 95% CI:
0.77 - 1.84) (Table 2).

Articles © The authors | Journal compilation © ] Endocrinol Metab and Elmer Press Inc™ | https://jem.elmerpub.com 213



Diabetes and CVD Risk in the Metabolic Triad J Endocrinol Metab. 2025;15(5):210-219

Records in occupational clinic database Excluded: Missing follow-up time

(n=79,660) ke (n=67,611)
Records with follow-up data L ] Excluded: Prevalent cardiovascular disease
(n =12,049) (n =56)
Eligible participants without CVD at baseline L Excluded: Missing anthropometric data
(n=11,993) (n=1,693)

l

Final analytical sample
(n=10,300)

Figure 1. Flow diagram of participant selection. CVD: cardiovascular disease.

Regarding hazard level, among individual factors, diabe- group (aHR: 10.87; 95% CI: 2.81 - 42.06) (Fig. 2).
tes alone showed the highest risk in the multivariate analy-
sis (aHR: 4.24; 95% CI: 1.36 - 13.35), followed by obesity ) .
alone (aHR: 1.45; 95% CI: 0.68 - 3.10) and hypertension alone Discussion
(aHR: 1.17; 95% CI: 0.32 - 4.24). In two-component combi-
nations, the coexistence of obesity and diabetes presented the

highest risk (aHR: 6.34: 95% CL. 1.73 - 23.27), followed by 120 findings

diabetes and hypertension (aHR: 5.86; 95% CI: 1.47 - 23.39).

Finally, those who presented the complete metabolic triad had In this Peruvian occupational cohort, a progressive increase
the highest risk, almost 11 times greater than the reference in event risk was evidenced with each additional component

Table 2. Incidence and Cardiovascular Risk by Metabolic Triad Categories

Metabolic triad ;‘g‘s‘l‘l’l“;z ;’r‘;r(;’so(gf o) i“c‘:;esr E::L“z;;‘;’;s) Univariate HRe  95% CI
Normal 1.30 (0.77 - 1.84) 23 17,652.86 Ref.

Obesity only 2.15(0.98 - 3.32) 13 6,039.32 1.89 0.95-3.75
Diabetes only 21.23 (4.24 -38.21) 6 282.67 16.77 6.80 - 41.36
Hypertension only 6.82 (0.14 - 13.50) 4 586.69 5.13 1.77 - 14.902
Obesity + diabetes 14.17 (0.01 - 30.20) 3 211.72 13.28 3.97 - 44.45°
Obesity + hypertension 7.35 (0.91 - 13.80) 5 679.84 6.50 2.45-17.23
Diabetes + hypertension 57.35 (0.01 - 122.25) 3 5231 32.83 9.79 - 110.10?
Metabolic triad 34.94 (0.01 - 74.47) 3 85.87 26.38 7.88 - 88.282

aStatistically significant associations. HRc: crude hazard ratio; Cl: confidence interval; Ref.: reference category.
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Metabolic triad

10.87

6.34

Obesity + Diabetes r

5.86

Diabetes + Hypertension k

Obesity + Hypertension - I

4.24

Diabetes only A |

Obesity only 1 I

117

Hypertension only 4 I

Normal A

2

4 8 16 32 64

Adjusted hazard ratio (95% CI)

Figure 2. Adjusted hazard ratios (aHR) for cardiovascular events according to metabolic triad categories. Cl: confidence interval.

of the metabolic triad. The reference group, without obesity,
hypertension, or diabetes, presented the lowest incidence (1.30
per 1,000 person-years, aHR = 1). The simultaneous combina-
tion of the three conditions was associated with an incidence of
34.94 per 1,000 person-years and with an adjusted risk almost
11 times higher (aHR: 10.87; 95% CI: 2.81 - 42.06).

Among individual factors, diabetes was the main determi-
nant of cardiovascular risk (aHR: 4.24; 95% CI: 1.36 - 13.35),
surpassing obesity and hypertension. It is noteworthy that
combinations including diabetes: obesity + diabetes (aHR:
6.34; 95% CI: 1.73 - 23.27) and diabetes + hypertension (aHR:
5.86; 95% CI: 1.47 - 23.39) concentrated the highest risks, re-
inforcing its central role as a driver within the metabolic triad
in the working population.

Comparison with international and regional literature

At the regional level, the PURE-South America substudy (Ar-
gentina, Brazil, Chile, and Colombia) quantified the popula-
tion contribution of modifiable factors to CVD: hypertension
18.7%, abdominal obesity 15.4%, and diabetes 5.3%, prior-
itizing precisely the three components evaluated here and sup-
porting their relevance for the region [8]. In our study, car-
diovascular risk increased consistently with each additional
component of the metabolic syndrome, reaching its highest
level when obesity, hypertension, and type 2 diabetes coexist-
ed, with type 2 diabetes being the component associated with
the most marked risk increase. These findings are concordant
with scientific evidence that has documented that diabetes in-
creases approximately 1.5 to 2 times the risk of major cardio-
vascular events compared to non-diabetic individuals [13], and
contemporary analyses that reveal 2 to 4 times higher risks of
mortality and cardiovascular events in patients with diabetes
compared to the general population [7].

In our analysis, the association with hypertension was not
statistically significant; however, available evidence indicates
a continuous relationship between blood pressure and cardio-
vascular comorbidity risk starting at 115/75 mm Hg [14]. Ad-
ditionally, trials demonstrate that reducing systolic blood pres-
sure by 10 mm Hg proportionally decreases major events [15],
supporting causality and suggesting that high dichotomous
thresholds may underestimate risk in younger populations like
ours.

Regarding obesity, our estimate is consistent with meta-
analyses showing that for every 5 kg/m? increase in BMI, cor-
onary heart disease risk increases by approximately 27% and
stroke risk by about 18% [16]. Congruently, a meta-analysis of
21 cohorts estimated that, compared to normal weight, over-
weight is associated with relative risk (RR) = 1.32 and obesity
with RR = 1.81 for coronary heart disease [17]. Additionally, a
continuous relationship between BMI and CVD has been dem-
onstrated: for every -2 kg/m?, the risk of ischemic heart disease
and stroke was reduced by 11-12% [18].

In our cohort, the comorbidity pattern showed that the
highest risks were concentrated in dyads that include diabetes
(obesity + diabetes; diabetes + hypertension) and, with greater
intensity, in the obesity + diabetes + hypertension triad. At the
syndrome level, it is associated with approximately double the
risk of cardiovascular events and higher total mortality [19]. Ad-
ditionally, a national cohort confirms that the co-occurrence of
diabetes and hypertension carries risks superior to those of each
condition separately, as well as higher total and cardiovascular
mortality compared to presenting only one of them [20].

Finally, UK Biobank studies show that people with diabe-
tes and normal BMI may present higher cardiovascular mortal-
ity than obese individuals without diabetes, emphasizing that
chronic hyperglycemia can dominate the risk profile above
total body mass [21]. This finding is coherent with our central
result: all combinations with higher risk included diabetes, and
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maximum risk was observed when type 2 diabetes, arterial hy-
pertension, and obesity coexist.

Metabolic risk multiplying mechanisms

Diabetes positions itself as the central node of risk when it
coexists with obesity and/or hypertension. Sustained hypergly-
cemia activates the advanced glycation end products-receptor
for advanced glycation end products (AGEs-RAGE) axis, pro-
motes oxidative stress and endothelial activation/dysfunction
and proinflammatory pathways (chronic low-grade inflam-
mation) that accelerate atherogenesis and favor vulnerable
plaques [22, 23]. Added to this is diabetic dyslipidemia (in-
creased very-low-density lipoprotein (VLDL)/triglyceride-
rich lipoproteins (TRL), small dense low-density lipoprotein
(LDL), and decreased functional high-density lipoprotein
(HDL)) and increased prothrombotic tone, configuring a ter-
rain conducive to acute arterial events [24, 25].

Excessive adiposity increases sympathetic activity, acti-
vates the renin-angiotensin-aldosterone system (RAAS), fa-
cilitates sodium retention and renal compression by ectopic
fat, and elevates oxidative stress; thereby promoting elevated
blood pressure and arterial stiffness over a vulnerable endothe-
lium [26]. At the population level, blood pressure relates con-
tinuously to the risk of multiple CVD presentations, and its
reduction by 10 mm Hg proportionally decreases events, sup-
porting causality [15, 27]. For its part, obesity is independently
associated with higher CVD risk and contributes to the devel-
opment of AH, dysglycemia, and other metabolic intermediar-
ies [16]. Together, the convergence of hyperglycemia, hemo-
dynamic load, and oxidative stress multiplies risk, coherent
with what was observed in our cohort (doublets that include
diabetes and a maximum in the triad).

Clinical implications

Practical implementation of the observed results requires prior-
itizing, within occupational surveillance, those who concentrate
the most potential benefit: 1) workers with the triad (very high
risk); and 2) those presenting diabetes plus a second compo-
nent (high risk). In these subgroups, it is advisable to intensify
follow-up frequency (closer clinical and laboratory controls),
ensure blood pressure and glycemia targets according to current
guidelines, and implement timely therapeutic escalation (e.g.,
combination of antihypertensive drugs when appropriate; and,
in diabetes, use of agents with cardiovascular benefit such as so-
dium-glucose cotransporter-2 inhibitors (SGLT2i) and/or gluca-
gon-like peptide 1 (GLP-1) agonists in the presence of high risk
or established CVD), along with lipid optimization according
to risk [28, 29]. These lines are congruent with evidence that
blood pressure reduction is associated with fewer events across
a broad baseline blood pressure range and with data describing
a continuous relationship between blood pressure and multiple
CVD presentations [15, 27]. At the regional level, prioritization
of hypertension, obesity, and diabetes in prevention strategies
is consistent with the attributable burden described for South

America [30], reinforcing the relevance of focusing resources
on these components within the work environment.

At the organizational level, integrating risk stratification
into occupational clinical record flows (standardized records
of blood pressure and BMI; glucose/glycosylated hemoglobin
(HbAc) and lipid profile when available) and activating alerts
for cases with diabetes and combinations of two or three com-
ponents, allows managing prevention selectively and meas-
urably. These actions should be accompanied by workplace
interventions, such as reducing sitting time through standing
stations/active breaks and promoting physical activity during
the workday. These measures are supported by reviews and
meta-analyses showing sustained decreases in sedentary time
and favorable associations with mortality [31, 32]. Although
the effect on hard outcomes in workplace contexts requires
follow-up, the direction of evidence supports their imple-
mentation as part of a multicomponent package. At the policy
level, these findings support the inclusion of metabolic triad
screening as a standard component of occupational health reg-
ulations, with particular emphasis on early diabetes detection
given its central role in cardiovascular risk. Health systems
could consider establishing referral pathways and performance
indicators for occupational clinics based on the proportion of
high-risk workers identified and effectively managed.

Strengths and limitations

This study presents significant methodological strengths that
include a large and longitudinal cohort of workers with 8 years
of follow-up in a Latin American context scarcely explored in
the literature; major cardiovascular outcomes (incident acute
myocardial infarction and stroke) with rigorous exclusion of
prevalent cardiovascular disease; a mutually exclusive classi-
fication of risk triad combinations that allows precise quan-
tification of the cardiovascular risk gradient; and a parsimo-
nious adjustment model, guided by a directed acyclic graph,
which incorporates spline functions and minimizes the risk of
overfitting. These methodological characteristics reinforce the
study’s internal validity by strategically leveraging the perio-
dicity inherent to occupational medical surveillance to ensure
temporal consistency of measurements.

However, the study presents limitations that should be
considered in interpreting results, including dichotomization
of blood pressure and BMI that entails loss of information and
possible underestimation of continuous associations; diabetes
definition based exclusively on fasting glucose, without in-
corporating HbA lc or oral glucose tolerance test, which may
result in case misclassification; low number of cases in some
triad combinations (e.g., certain doublets and the triad), trans-
lating to imprecise estimates with wide confidence intervals;
and residual confounding by unmeasured factors. Specifically,
information on dietary patterns, physical activity levels, and
medication use (antihypertensives, hypoglycemic agents, or
lipid-lowering drugs) was not available in the occupational
surveillance records. These factors may influence both the
development of metabolic conditions and cardiovascular out-
comes, potentially biasing effect estimates. While our analysis
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was guided by a directed acyclic graph to identify minimal suf-
ficient adjustment sets, the observational nature of this study
precludes definitive causal inference, and associations should
be interpreted as predictive rather than strictly causal. Despite
these methodological limitations, the findings provide valua-
ble evidence on the risk gradient associated with the metabolic
triad and establish a solid foundation for future research.

On the other hand, the predominance of male participants
(84.57%) may limit the generalizability of findings to female
workers. However, this distribution is consistent with the
composition of formal private employment in Peru, where ap-
proximately 64% of workers are men, with even higher male
predominance in sectors such as mining, construction, and
manufacturing commonly served by occupational clinics [33].
Finally, additionally, potential selection bias cannot be ruled
out, as the inclusion of workers depended on the completeness
of data determined by employer-requested evaluations. Work-
ers with incomplete records may differ systematically from
those included, potentially affecting generalizability. Howev-
er, this limitation is inherent to secondary data analyses from
occupational surveillance systems.

Conclusions

This study demonstrates that the coexistence of obesity, hyper-
tension, and diabetes progressively amplifies cardiovascular risk
in working populations, with diabetes acting as the central driver.
These findings carry direct implications for occupational health
practice: systematic screening for the metabolic triad components
should be incorporated into routine workplace evaluations, with
particular emphasis on early diabetes detection. Risk stratifica-
tion protocols that prioritize workers with diabetes (alone or in
combination with obesity or hypertension) can optimize resource
allocation and enable targeted interventions, including intensi-
fied follow-up, therapeutic escalation, and workplace-based life-
style programs such as active breaks and healthy food options.
Given that the metabolic triad components are easily meas-
urable with minimal laboratory requirements, this approach is
particularly suited for implementation in low- and middle-in-
come countries, where occupational health infrastructure may
serve as an accessible platform for cardiovascular prevention.
These findings may inform similar screening and prevention
programs across Latin America and other regions facing com-
parable epidemiological transitions and resource constraints.
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