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Abstract
Introduction: This study aimed to explore the cardio-metabolic risk factors pro�le to assess the underlying
predictors of these pro�les in healthcare workers of the AZAR cohort population.

Methods: This cross-sectional study was performed on 500 healthcare providers, o�cial staff, and
professors aged 18 to 75 years of Tabriz University of Medical Sciences. Latent pro�le analysis (LPA)
was used to classify the subjects according systolic blood pressure, diastolic blood pressure, diabetes,
smoking, hypertension, statin, metabolic syndrome, BMI, lipid pro�les, hemoglobin and hematocrit.
Logistic regression predicted the underlying predictors of latent pro�le.

Results: The individuals were classi�ed into two LPA-driven classes, including a low risk pro�le (n = 210),
and a high-risk pro�le (n = 290). High-risk group were older, and was more likely to be male than those in
the low-risk group (P<0.05). The prevalence of metabolic syndrome, diabetes, hypertension, systolic blood
pressure, diastolic blood pressure, HDL-cholesterol, LDL-cholesterol, total cholesterol and hemoglobin
was signi�cantly higher in the high-risk group than the low-risk group (P<0.05). But statin was not
signi�cantly different between the two groups (P>0.05). Compared with the low risk pro�le; BMI (OR=3.30,
95% CI: 1.10–9.93), triglyceride (OR=1.02, 95% CI: 1.00–1.05), smoking (OR=0.05, 95% CI: 0.01–0.95) and
hematocrit (OR=12.07, 95% CI: 3.46–42.11) were higher in the high-risk pro�le.

Conclusion: Identifying risk factors may prevent the incidence of cardiometabolic disease. Higher BMI
levels, higher triglyceride values, higher hematocrit, and lower HDL values are better predictors for
identifying a cardio-metabolic high-risk pro�le.

Introduction
Non-communicable diseases (NCD) are nontransmissible diseases among people with the highest
mortality rate globally and are preventable (1). NCDs, currently have the heaviest economic burden on
developing countries (2, 3). According to the WHO, among the NCDs, cardiovascular disease is one of the
most critical threats to human health in the world (4, 5). Due to the lack of optimal management and
redundant diagnostic tests for cardiometabolic disease, metabolic disorders of this disease often remain
undiagnosed and untreated, already placing substantial strain on the health care system (6, 7).
Cardiovascular disease and cardio-metabolic comorbidities in 2016, accounted for 31% of all deaths in
the world and this percent morbidity and mortality rates are projected to increase by 2030 (8, 9).
Cardiovascular disease in 2022 with 28.62%, is the �rst causes of mortality in Iran (30).

Hypertension, a low HDL cholesterol level, a high LDL cholesterol level, and a high triglyceride level are
known underlying risk factors for cardiovascular disease (10-13). Levels of cardiometabolic risk factors
vary among individuals based on age, sexual maturity, family history, and high levels of risk factors (14,
15). Epidemiological evidence suggests that risk factors present in childhood and persists into adulthood,
and the incidence of the disease increases with age (11, 12, 15, 16). Low levels of physical activity, low
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carbohydrate diet, socioeconomic status, cardiorespiratory �tness, and smoking are cardiovascular
disease modi�ers risk factors, and control mortality from this disease (3, 11, 13).

Latent pro�le analysis (LPA) is a form of �nite mixture modelling and a person-centered approach.
Person-centered analysis is to identify latent class or groups that is used to discriminate the individual
based on the characteristics (17-19). LPA, be utilized to determine whether the risk pro�les de�ned
adequately gives details on the cardio-metabolic. In addition, information on risk factors can provide a
basis for better identifying high–risk pro�les and deal with cardio-metabolic. Therefore, the purpose of
the current study was:

1- To identify latent pro�les and to investigate associations between cardio-metabolic risk factors, and
classify individuals into high-risk and low-risk groups using the LPA. 

2- To determine whether these pro�les demonstrate associations with cardiometabolic characteristics of
the individual.

Methods
Study design, aims, and participants information

In this cross-sectional study, we studied a cohort of individuals that are parts of a larger prospective
epidemiological research in Iran (the Azar Cohort Study) (20). The current study was carried out on
healthcare workers in 2020 as a part of the Azar cohort study, which was conducted by the liver and
gastrointestinal diseases research center of Tabriz University of Medical Sciences (TBZMED) (21).

The purpose of this cohort study was to evaluate 3000 participants, including healthcare employees in
hospitals, schools, and health networks of TBZMED. A total of 500 persons participated in this study. Our
baseline assessment consisted of a face-to-face health interview or a health examination regarding a
broad range of established and novel risk factors for NCDs. 

Eligibility criteria

Participants of this study include full-time and long-term contract employees aged 18 to 75 years who are
not pregnant or breastfeeding, and who are not planning to retire within the next �ve years. Patients who
reported a history of debilitating psychiatric disorders or physical illnesses by a health professional were
excluded from this study.

Ethical considerations

All involved participants provided written informed consent, and the Institutional review board (IRB) of
TBZMED (IR.TBZMED.REC.1396.1263) approved the study.

Main variables
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Age, sex, systolic blood pressure, diastolic blood pressure, diabetes, smoking, hypertension, statin,
metabolic syndrome, HDL cholesterol, LDL cholesterol, total cholesterol, triglycerides, hemoglobin, and
hematocrit circumference were assessed and analyzed in our PLA model. 

Demographic Characteristics of the Participants

We used a questionnaire for evaluating the demographic characteristics, including age (years), sex (1:
Male, 2: Female), marital status (1: Single, 2: Married, 3: Widow, 4: Divorce, 4: Other), and educational
level (1: Illiterate, 2: Primary, 3: Secondary, 4: High school graduated, 5: Associate degree, 6: Bachelor, 7:
Master, 8: PhD). Moreover, lifestyle patterns, i.e., smoking (1: Past or current, 2: Never), diabetes (1: Yes, 2:
No), hypertension (1: Yes, 2: No), statin (1: Yes, 2: No), metabolic syndrome (1: Yes, 2: No), drug use (1:
Daily, 2: Weekly, 3: Monthly), hookah use (1: Past or current, 2: Never), alcohol consumption (1: Past or
current, 2: Never), were also assessed by the questionnaire.

Measurements

Height is recorded to the nearest 0.5 cm using a mounted tape measure, subjects without shoes and their
arms hanging freely by their sides. Barefoot subjects with only light clothing have their weight recorded to
the nearest 0.1 kg on a Seca scale (Seca®, Germany). Body mass index was determined using the
standard formula, i.e., weight (kg)/height2 (m) (21). Waist of subjects is measured according to the USA
National Institutes of Health (NIH) guidelines. Blood pressure was measured by a trained nurse twice with
a two-minute interval, i.e., twice for each arm in a sitting position after 10 minutes of rest using a mercury
sphygmomanometer (Rudolf Richter, DE-72417, Germany). Lipid pro�les (total cholesterol, high-density
lipoprotein cholesterol (HDL-cholesterol), and triglycerides) were assessed using serum samples, which
were analyzed using Miura One automated equipment (I.S.E., Rome, Italy) and a commercial DiaSys kit
(DiaSys Diagnostic Systems, Hamburg, Germany) (22). Low-density lipoprotein cholesterol (LDL-
cholesterol) was calculated according to the Fried Ewald equation (23). Hematocrit was measured using
(EKF Diagnostics UltraCrit ™ Hematocr, USA). A photometric device (HemoCue® Hb 201+) is used to
determine the hemoglobin content of the blood (24). Insulin was measured with an enzyme
immunoassay (microtiter plate format; Dako Diagnostics, Ely, United Kingdom).

Sample size

The census was conducted during a speci�c period on all eligible health care providers, o�cial staff, and
lecturers of Tabriz University of Medical Sciences.

Statistical analysis

Continuous variables are presented as mean and standard deviation (SD) and categorical variables as
the frequency count and percentage. The continuous variables were checked and con�rmed for normality
by distribution measures, namely skewness within ±1.5 and kurtosis within ±2. Chi-square tests with
exact p-value and one-way analysis of variance (ANOVA) followed by Tukey post hoc test were used to
assess the difference among high risk and low risk factors, for categorical and normal continuous



Page 5/15

variables, respectively. We used the Akaike information criterion (AIC), Bayesian information criterion
(BIC) and Adjusted Bayesian information criterion (ABIC) To compare and select the best-�tted model. For
these statistics, the smaller values show better �t of the model. Each class was described in terms of
entropy measurements that ranges from 0.00 to 1.00, and also sociodemographic factors. Furthermore,
the LPA-driven classes were subsequently entered into a logistic regression model (backward LR) to test
for associations between each class and the risk of cardiometabolic with adjustment for smoking, HDL
cholesterol, triglyceride, BMI, and other clinical variables. The signi�cance thresholds for variables were
set at P <0.05. LPA was performed using MPlus 7.4 (Muthen and Muthen, Los Angeles, CA, USA) and the
other analyses using SPSS 17 (SPSS Inc., Chicago, IL, USA) software.

Results
The total number of subjects in the initial evaluation was 500, of which 493 (98.6%) remained in the
study. The �nal sample included 493 participants and 63.8% were male. The mean age of patients was
43 (SD 7.2) and the mean BMI of subjects was 28 (SD 4.0). Also, in this study, 89% of patients whose
smoking status was never and 9.8% smoked were past or current. Other information about the variables
was reported in Table1.

Table 1 

Participant demographic characteristics
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variables n/mean %/SD

Age (years) 43.2 7.2

Sex (male) 319 63.8

Diabetes    

Yes 21 4.2

No 479 95.8

Smoking    

Past or current 49 9.8

Never 445 89.0

Hypertension    

Yes 38 7.6

No 462 92.4

Statin    

Yes 13 2.6

No 487 97.4

Metabolic syndrome    

Yes 386 77.2

No 114 22.8

BMI (kg/m2)    

<=25.00 107 21.4

25.01-30.00 257 51.4

30.01-300 109 21.8

35.01+ 24 4.8

SBP (mmHg) 115.5 14.5

DBP (mmHg) 75.5 9.5

HDL cholesterol (mg/dL) 45.2 10.7

LDL cholesterol (mg/dL) 107.8 31.6

Triglyceride (mg/dL) 126.4 60.0

Total cholesterol (mg/dL) 178.3 38.7
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Hemoglobin (g/dL) 15.5 1.6

Hematocrit (L/L) 44.9 4.4

LCA identi�ed two classes of study subjects. The model �t indices are summarized in Table 2. 

Table 2 

Model-�t indices for the latent class analysis mode

Number
of
classes

Loglikelihood #free_Parm LR Chi2 (df) AIC BIC ABIC entropy

1 Class -19170.0 28 249.56(308) 38396.0 38514.0 38425.1 ---

2 Class -18638.4 48 190.40(296) 37372.8 37575.1 37422.7 0.910

3 Class -18409.5 68 118.42(286) 36955.0 37241.6 37025.8 0.916

4 Class -18308.2 88 130.32(275) 36792.5 37163.4 36884.0 0.888

5 Class -18214.1 108 125.51(264) 36644.1 37099.3 36756.5 0.870

6 Class -18125.8 128 120.76(253) 36507.7 37047.1 36640.9 0.869

7 Class -18036.3 148 109.12(241) 36368.7 36992.4 36522.7 0.899

 

LCA models with 1–7 classes were compared for model �t and interpretability. We chose a two-class
model that showed the best �t measured by a lower Bayesian information criterion with higher entropy.

Figure 1 shows the conditional probabilities for each cardio-metabolic risk factors in each class. Class 1
subjects (low risk, n = 210) generally had lower systolic blood pressure, diastolic blood pressure, and
hematocrit, reported higher HDL but lower cholesterol. Class 2 (high risk, n = 290) were more likely to have
higher systolic blood pressure, diastolic blood pressure, and hemoglobin. Hypertension and statin levels
similar in both classes.

Table 3 summarizes the social, demographic, and clinical factors and cardiometabolic related risk factors
in each class. Subjects in the high-risk group were older, had a higher BMI, and was more likely to be male
than those in the other group (all P<0.05). Furthermore, the prevalence of metabolic syndrome was
signi�cantly higher in the high-risk group (71.9%) than the low-risk group (28.1%). The high-risk class was
likely to have more diabetes, hypertension and smoking compared to the other class. There was a
signi�cant difference between all variables except statin (P>0.05).

Table 3 

Baseline characteristics according to LPA-derived classes
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Variables Low risk High risk p-value #

n 210 290  

Age (years) 42.3(7.1) 43.8(7.2) <0.001

Sex n (%)     <0.001

Male 30(14.3) 289(99.7)  

Female 180(85.7) 1(0.3)  

Underlying disease      

SBP (mmHg) 107.8(11.3) 120.9(13.9) <0.001

DBP (mmHg) 70.5(7.5) 79.1(9.1) <0.001

Diabetes n (%)     <0.001

Yes 0(0.0) 21(100.0)  

No 210(43.8) 269(56.2)  

Smoking n (%)     <0.001

Past or current 6(12.2) 43(87.8)  

Never 202(45.4) 243(54.6)  

Hypertension n (%)     0.042

Yes 10(26.3) 28(73.7)  

No 200(43.3) 262(56.7)  

Statin n (%)     0.406

Yes 4(30.8) 9(69.2)  

No 206(42.3) 281(57.7)  

Metabolic syndrome n (%)     <0.001

Yes 32(28.1) 82(71.9)  

No 178(46.1) 208(53.9)  

BMI (kg/m2)     0.049

<=25.00 57(53.3) 50(46.7)  

25.01-30.00 102(39.7) 155(60.3)  

30.01-35.00 39(35.8) 70(64.2)  

35.01+ 10(41.7) 14(58.3)  
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HDL cholesterol (mg/dL) 50.0(11.4) 41.6(8.9) <0.001

LDL cholesterol (mg/dL) 104.3(31.6) 110.2(31.3) <0.001

Triglycerides (mg/dL) 104.8(42.6) 141.9(65.7) <0.001

Total cholesterol (mg/dL) 175.4(39.2) 180.3(38.2) <0.001

Hemoglobin (g/dL) 14.1(1.1) 16.5(1.1) <0.001

Hematocrit (L/L) 40.9(2.9) 47.6(2.8) <0.001

BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, HDL high-density
lipoprotein, LDL low-density lipoprotein. 

For qualitative variables, the data are expressed as frequency (percent), # Chi-square test with exact
procedure. 

For quantitative variables, the data are expressed as mean (SD), #T-test.

The results of logistic regression evaluating the associations between the two LPA-driven classes and
cardio-metabolic risk factors are depicted in Table 4. Logistic regression analysis showed that the high-
risk pro�le was signi�cantly associated with higher BMI, triglycerides, and hematocrit, but lower HDL
cholesterol, and past or current smoking.

Table 4

 Adjusted odds ratio and 95% con�dence interval for cardio-metabolic in association with latent pro�les

variables Adjusted odds ratio 95% con�dence interval P-value

Smoking      

Never smoked Referent    

Past or current smoke 0.05 0.01,0.95 0.046

BMI (kg/m2) 3.309 1.10, 9.93 0.033

HDL cholesterol (mg/dL) 0.88 0.79, 0.99 0.035

Triglyceride (mg/dL) 1.02 1.00, 1.05 0.039

Hematocrit (L/L) 12.07 3.46, 42.11 <0.001

The backward LR was carried out; the other variables (SBP, DBP, LDL cholesterol, total cholesterol,
hemoglobin, metabolic syndrome, hypertension, diabetes, statin, sex, age) were removed from the model
due to Linearity.

Discussion
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This study identi�ed two latent pro�les of cardio-metabolic risk factors, low-risk and high-risk pro�les.
Notably, a high-risk pro�le also has a higher prevalence of metabolic syndrome, smoking, and
hypertension, indicating cardio-metabolic risk factors. We considered the cardio-metabolic risk factors as
a latent pro�le rather that their clustering as metabolic syndrome because the metabolic syndrome as
predictor of cardiovascular diseases beyond its component abnormalities remains controversial and
different de�nitions of the syndrome may vary considerably depending on the sets of criteria (25, 26).
There are only a few studies that have used LPA to detect the latent pro�les of cardio-metabolic
syndrome.

In the study by Verswijveren et al. Hypertension rem 3 latent pro�les for cardio-metabolic risk factors in
youth were identi�ed: prolonged sitters, breakers and prolonged movers. The breakers were on average
one year younger than the other two groups and have been the highest proportions of girls. Higher BMI,
waist circumference, systolic blood pressure, diastolic blood pressure and higher cardio-metabolic risk-
score were higher in prolonged sitters than the other two groups. Triglyceride and HDL were equal in
prolonged sitters and prolonged movers. LDL was lower in the latent pro�le prolonged movers than the
other two groups. Based on the results of multivariable logistic regression, higher BMI level and waist
circumference were signi�cantly connected to the higher risk (27). The results of this study were in the
line with the results our study. In breaker pro�les similar to low-risk pro�les, lower mean age, higher
female proportions, and HDL cholesterol value have been the higher. In prolonged sitters pro�le similar to
high risk pro�le, systolic blood pressure, diastolic blood pressure, BMI, triglyceride and LDL were higher. In
addition, prolonged movers had moderate risk pro�le.

In the study by Caspian, conducted on Iranian students, four latent classes of cardio-metabolic
components have been identi�ed. These classes were labeled as healthy (59.6%), low risk (20.4%),
moderate risk (13.7%) and high risk (6.4%). In high-risk class, individuals had high triglyceride, high LDL,
and high cholesterol. In contrast, students in healthy class, were not engaged in any of the cardio-
metabolic components. Students in low-risk class, had high triglyceride. In the moderate risk class,
abdominal obesity and obesity were high. In all four latent classes, the probability of having low HDL has
been reported as low. Based on the results of multivariable logistic regression, sex, parental obesity, high
screen time, low physical activity and region (rural) were signi�cantly connected to the moderate risk
class. Age and sex were signi�cantly connected to the low-risk class (28). Based on our results, in line
with the Caspian study, people in the high-risk group had high triglycerides, high LDL, high cholesterol,
and low HDL. The latent pro�les among Iranian children and our study reveal a different pattern of cardio-
metabolic among the adults and children in Iran, which different age categories may explain these
contradictory statements.

The present study showed signi�cant differences among risk factors by sociodemographic
characteristics and pro�les. Age, sex, diabetes, smoke, hypertension, BMI, and metabolic syndrome
distribution were signi�cantly connected with the pro�les, and were also signi�cant in these two classes.
LDL cholesterol, triglycerides, total cholesterol, systolic blood pressure, diastolic blood pressure,
hemoglobin, and hematocrit levels were signi�cantly higher among high-risk class individuals than
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individuals in low-risk pro�les. In contrast, HDL cholesterol levels were signi�cantly higher in low-risk
individuals than in those with high-risk pro�les. Based on the results of multivariable logistic regression,
higher BMI level, higher triglyceride values, higher hematocrit, and lower HDL values were signi�cantly
connected to the high-risk pro�le.

In the study by Burgos et al. a predictive analysis of the early development of cardio-metabolic risk
factors, including age, cardiorespiratory �tness, total cholesterol, triglycerides, LDL cholesterol, and fat
percentage was lower in males than in females. Also, males showed higher values of systolic blood
pressure, waist circumference, HDL cholesterol, and BMI. In this study, males generally showed better
cardio-metabolic risk factors values than females. Based on the results of multivariable logistic
regression, cardiorespiratory �tness, total cholesterol, triglycerides, LDL cholesterol, age, and percentage
of fat were signi�cantly lower among males than females. In contrast, males had a signi�cantly higher
level of systolic blood pressure, waist circumference, HDL cholesterol and BMI than females. In this study,
HDL cholesterol, age and BMI were not signi�cant between males and females (22). In this study, in
contrast to our study, cardio-metabolic risk factors were higher in female than male.

In the study by Sodjinou et al. in the urban adults of Benin, mean BMI, waist circumference, and HDL
cholesterol level were markedly higher among women than men. Also, the mean age was higher in
women than men. In contrast, triglyceride concentrations were signi�cantly higher in men compared to
women. Plasma glucose, systolic and diastolic blood pressure did not vary signi�cantly according to sex.
The most prevalent risk factors in the study sample were overall obesity (18%), abdominal obesity (32%),
hypertension (23%), and low HDL cholesterol (13%). Risk factors indicated a higher prevalence of cardio-
metabolic syndrome incidence in women (29), which was not compatible with the �nding of our studies.

In summary, latent pro�le analysis furthers our understanding of the cardio-metabolic risk factors. These
analyses found that a two-pro�le latent factor best explains associations among the cardio-metabolic
risk factors. Therefore, different predictors could be associated with developing the cardio-metabolic risk
factors. These results could be considered in public health policies aimed to prevent the early
development of cardio-metabolic risk factors.

Limitations
Our study has several limitations. Firstly, due to the cross-sectional nature of this study, it is not possible
to assess the temporal relationships. Second, the study sample is only representative of participants
related to Tabriz University of Medical Sciences, and thus �ndings may not apply to the whole urban
population of Tabriz. The study may probably lack statistical power due to the modest sample size. The
conclusions of the study should therefore be interpreted with caution. Metabolic heart risk factors can be
in�uenced by sex and age. These limitations notwithstanding, our study provides useful data on the
prevalence of cardio-metabolic risk factors among participants related to Tabriz University of Medical
Sciences correlates.
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Conclusion
Our study showed that higher BMI level, higher triglyceride values, higher hematocrit, and lower HDL
values are the main predictors of cardio-metabolic high risk pro�le. High risk group has a higher risk of
developing a cardio-metabolic risk pro�le, especially in males. With regard to our results, it seems
necessary to design cross-sectional studies to determine the incidence rate of cardio-metabolic and to
assess the changes in latent pro�les by considering time varying effects and related factors. Therefore,
our results suggest that risk factors measurement could be a valuable method of identifying individual
with cardio-metabolic risk based on epidemiologic studies. Also, identifying risk factors may prevent the
incidence of cardio-metabolic disease and in�ammatory markers.
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Figure 1

Conditional probabilities of the cardio-metabolic risk factors in each class


