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Background. Metabolic syndrome (MS) with mixed dyslipidemia and prostate cancer 
(PC) are relevant health problems among Mexican men. However, there is no informa- 
tion regarding the association between MS and PC for this population. 

Aim of the study. To evaluate this association in a population case-control study in 

Mexico City. 

Methods. We analyzed the information from 394 incident PC-cases and 793 population 

age-matched ( ± 5 years) controls, identified in Mexico City (2011–2014). For cases, 
Gleason score at diagnosis was available. We defined MS history based on the self-report 
of hypertension, hypercholesterolemia, hypertriglyceridemia, and diabetes; obesity was 
evaluated using weight-change trajectories throughout life. In addition, the four MS- 
typologies described for Mexican population were used. The association between MS 

with PC and histological PC differentiation was evaluated using independent multivariate 
logistic regression models. 

Results. MS history was associated with a high PC probability (OR 1.94; 95% CI 1.37–
2.75). Lipid alterations, arterial hypertension, and a marked weight increase throughout 
life were associated with increased PC probability; however, only the marked weight 
increase was associated with more poorly differentiated PC (Gleason ≥8) (OR 2.79; 
95% CI 1.50–5.17). 

Conclusion. Like other populations, in this Mexican study, MS and some of its com- 
ponents were identified as potential PC risk factors. MS-lipid alteration typology seems 
to be relevant; however, the novelty of this approach together with the retrospective 
nature of this study, indicate that a prospective evaluation of the MS typologies and PC 

association must be performed. © 2022 Instituto Mexicano del Seguro Social (IMSS). 
Published by Elsevier Inc. All rights reserved. 
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Introduction 

Metabolic syndrome (MS) is a heterogeneous condi-
tion characterized by the presence of at least three of
the following components: obesity, alteration of glucose
metabolism, arterial hypertension, and dyslipidemia ( 1 ).
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MS produces several stress reactions, such as oxidative, in-
flammatory, organelle, and cell hypertrophy stresses. This
leads to vicious cycles that perpetuate a state of “low-
grade” chronic inflammation ( 2 ). Such condition could ex-
plain the relationship between MS and several types of
cancer, including prostate cancer (PC) ( 3 ). 

MS is associated with PC (OR = 1.17; 95% CI: 1.00–
1.36, p = 0.04), mainly with high-grade PC (OR = 1.89;
95% CI: 1.50–2.38) ( 4 ). Nevertheless, individual MS-
components seem to have a different contribution to
o Social (IMSS). Published by Elsevier Inc. All rights reserved. 
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prostate carcinogenesis. Obesity and hypoalphalipopro-
teinemia have been associated with high PC risk ( 5–9 )
meanwhile, diabetes does not seem to be associated
( 4 , 8 , 10 , 11 ). As far as we know, only one study has eval-
uated specific combinations of MS-components and their
association with PC. The highest PC risk was observed
among males with metabolic obesity ( ≥3 MS-components
and a body mass index ≥30) ( 5 ). 

In Mexico, PC is the most common form of cancer and
the leading cause of cancer-related death ( 12 ). In addition,
MS affects 50% of adult men ( 13 ), and four MS-typologies
with different prevalence have been identified accord-
ing to the altered MS-component: mixed dyslipidemia
(40.7%); hypoalphalipoproteinemia (46.0%); hypertriglyc-
eridemia (10.2%) and without dyslipidemia (3.1%) ( 13 ).
Among males, the mixed dyslipidemia typology (altered
triglycerides and HDL-C with another MS-component) is
the most prevalent (43.5%) ( 13 ). Our objective was to eval-
uate the association between MS, MS-typologies, and each
MS-component with the risk of PC and its histological
differentiation grade in a case-control study carried out in
Mexico City. 

Methodology 

Study Population 

The information for this work was obtained from a
population-based case-control study conducted in Mexico
City between November 2011 and August 2014 ( 14 ). Par-
ticipants were men between 42 and 94 years old, with
at least one year of residence in Mexico City and no
prior history of any other type of cancer. Briefly, cases
included 402 men with an incident diagnosis of PC, his-
tologically confirmed, who were identified at the urology
department of four third level and two second-level public
hospitals. Based on the reported Gleason scale at diagnosis,
cases were classified as poorly- (Gleason ≥8), moderately-
(Gleason = 7), and well-differentiated (Gleason ≤6). 

Controls ( n = 805) were men without a history of
symptoms associated with prostate pathology (for exam-
ple dysuria, hematuria, etc.) or those who reported a prior
prostate-specific antigen < 4 ng/mL, matched by age ( ± 5
years) with the cases. These males were identified in their
home, through the Mexico City master sample frame used
for the National Health Surveys. Initial household was ran-
domly selected; if more than one eligible man exists, one
of them was randomly chosen. If the eligible man was not
present at the visit time, 3 more attempts were made to find
him. If the eligible man did not agree to participate, or an
eligible man was not found, then a new address was found
through a systematic clockwise search. Participation rates
for cases and controls were 85.9 and 87.5%, respectively.
Each eligible participant received an explanation about his
participation in the study and signed an informed consent
form. This study was approved by the research ethics board
(CI: 980) of the National Institute of Public Health and of
each participant hospital 

Interviews 

A direct interview using a structured questionnaire was
conducted to obtain information on sociodemographic
characteristics (occupation, education, marital status, and
birthplace), reproductive and sex life history, as well as
personal pathological and PC family history. Addition-
ally, we asked about tobacco consumption, physical activ-
ity (PA), diet, and corporal body silhouettes for different
stages of life. 

Trained personnel, who did not know the specific hy-
pothesis of the study, interviewed cases at the hospital and
controls at their households. The average duration of the
interview was 45 min. 

Components of Metabolic Syndrome (MS-components) 

The history of MS-components (arterial hypertension, hy-
percholesterolemia, hypertriglyceridemia, diabetes melli-
tus, and obesity) was evaluated by self-report. For the
obesity component, we used a modified version of the
Stunkard ( 15 ) weight perception scale and asked the sub-
ject to select the figure which best identified them at ages
5,10,20,30,40, and 50 years. Based on this information,
we used the K-means and K-means ++ ( 16 ) methods to
identify three different life-course weight-change trajecto-
ries ( Figure 1 ). All trajectories show a weight increase,
with inflexion points at different ages. The “minor” weight-
change trajectory involves normal weight across all ages,
with a weight increase during adolescence. The “consis-
tently high weight” trajectory corresponds to subjects with
a consistently high weight since childhood and a scarce
weight increase in adulthood. Finally, the “increased” tra-
jectory included subjects who had large weight increases
throughout their lives, reaching overweight between ages
40 and 50. 

History of Metabolic Syndrome 

MS was defined using two different approaches. A positive
history of MS ( Figure 2 ) was when at least three of the fol-
lowing conditions were present: history of diabetes, arterial
hypertension, hypercholesterolemia, hypertriglyceridemia,
and life-course obesity trajectories (weight-change trajec-
tories high-consistent” or “increased”.). The second ap-
proach was based on MS-typologies, as proposed by
Pedroza-Tobias A, et al. ( 13 ). Lipidic alteration typol-
ogy was characterized by a history of hypertriglyceridemia
and hypercholesterolemia and history of at least another
MS-component. Cholesterol typology included a history
of hypercholesterolemia without hypertriglyceridemia, and
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Figure 1. Identification of Life-course weight-change trajectories. 

Figure 2. Definition of self-reported history of metabolic syndrome, its components, and typologies. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

at least two other MS-components. Triglycerides typol-
ogy, a history of hypertriglyceridemia without hypercholes-
terolemia, with at least two other MS-components. Fi-
nally, the non-lipidic alteration, history of diabetes, hy-
pertension, and life-course obesity trajectories, without li-
pidic alterations ( Figure 2 ). Confirmed MS-components
(arterial hypertension, hypercholesterolemia, hypertriglyc-
eridemia, and diabetes mellitus) history was considered
when the reported treatment information was according to
the metabolic alteration ( Figure 2 ). 

Other Covariables 

History of Tobacco Consumption and Physical Activity. To-
bacco consumption and leisure-time PA were also eval-
uated using patterns. For the former ( 17 ), pattern A
included men who reported low intensity (Median: 4
cigarettes/d, duration 35 years) but constant tobacco con-
sumption throughout their lifespan. Pattern B was found in
men with initially low-intensity tobacco consumption fol-
lowed by a sustained increase after 30 years old (Median:
15.5 cigarettes/d, duration 48 years). 

PA evaluation was based on the frequency of moder-
ate and vigorous leisure-time PA (3–6 or more metabolic
equivalents [METs]) during three different life stages
(15–18,19–29, and > 30 years), as well as time in-
vested (h/d/year). With this information, we estimated
(METs/h/week/year) for each stage and three individual
PA patterns were identified. Low, moderate, and high con-
sistent PA throughout life ( 18 ). Finally, never smoker and
no PA were the reference categories. 
Dietary Inflammatory Index 

The dietary inflammatory index was estimated from infor-
mation collected using a validated semi-quantitative food
frequency questionnaire that included 127 foods. The three
years before diagnosis or interview were the reference for
cases and controls, respectively ( 19 ). The index was ad-
justed for energy and categorized based on the tertiles dis-
tribution among controls; the reference category was the
lowest tertile. 

Due to implausible energy intake values ( < 800 or
> 4,500 calories) 8 cases and 11 controls were excluded.
Additionally, we excluded one control who did not have
information on body silhouette perception. The final sam-
ple included 394 cases and 793 controls. 

Statistical Analysis 

MS, MS-components history and other characteristics of
cases and controls were compared using χ2 or Fisher exact
test. 

The association with PC and histological PC-
differentiation grade were estimated, using unconditional
logistic regression models by each independent variable.
a) History of MS; b) history of MS-typologies, and c)
history of each MS-component. As potential confounders,
we included age at diagnosis or interview, education, fam-
ily history of first-degree PC, personal history of sexually
transmitted diseases, dietary inflammatory index, leisure-
time PA, and smoking history. The models corresponding
to each MS-component were also adjusted by the other
components. However, the arterial hypertension model was
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not adjusted by hypercholesterolemia and the hypercholes-
terolemia/hypertriglyceridemia models were not adjusted
by diabetes. The goodness of fit of the models was evalu-
ated using a Pearson χ2 statistical test and multicollinearity
test. 

Sensitivity Analysis 

To evaluate the impact of a possible misclassification er-
ror derived from the self-reported MS-components, we run
the final regression model with only those subjects with a
confirmed history of MS–components. 

The weight-change trajectories were estimated with R-
studio software, version 1.2.5001. The remaining analysis
was carried out using Stata 14.0 software. 

Results 

The average age at diagnosis for cases was like the con-
trols’ age at the time of interview (67.69 ± 8.39 vs. 66.94
± 8.94 years; p = 0.17). At diagnosis, around 73% of
cases were classified as moderately- (Gleason 7) or poorly
differentiated (Gleason ≥8). 

Compared to controls, a higher proportion of cases were
born in the central-eastern region and had at least a bach-
elor’s degree. Family history of first-degree PC, as well
as personal history of sexually transmitted diseases, was
significantly greater among cases. Also, controls reported
greater leisure-time PA throughout their lifespan ( Table 1 ).

Table 2 shows the association between MS, MS-
typologies, and MS-components with PC. History of MS
was two times greater (OR 2.15; 95% CI 1.56–2.96)
among PC cases; this association remained even after ad-
justing by confounders (OR 1.94; 95% CI 1.37–2.75).
Mainly MS-lipid alteration (OR 1.85; 95% CI 1.17–2.94)
and cholesterol (OR 3.97; 95% CI 1.38–11.39) typologies
were associated with greater PC odds. The MS-components
mainly associated with PC were a history of arterial hy-
pertension (OR 1.93; 95% CI 1.44–2.58), hypercholes-
terolemia (OR 1.69; 95% CI 1.14–2.50), and an increased
weight-change trajectory throughout their lives (OR 1.67;
95% CI 1.17–2.40). Assuming an equal MS-components
contribution, the PC possibilities (OR 1.37; 95% CI 1.21–
1.56) increased by 37% for each increase of an MS-
component ( Table 2 ). Concerning PC-histological differ-
entiation ( Table 3 ), only the increased weight-change tra-
jectory was associated with poorly differentiated PC (OR
2.79; 95% CI 1.50–5.17). History of diabetes was not as-
sociated with PC or histological PC differentiation. 

The prevalence of confirmed history of MS was low
( Table 4 ), mainly as consequence of the low confirmed
history of hypercholesterolemia (3.7%), and hypertriglyc-
eridemia (4.8%). However, the association between hyper-
cholesterolemia history and PC remained in the same di-
rection (OR 1.21; 95% CI 0.65–2.26) and the association
with hypertension history did not change. 

Discussion 

In Mexico, MS seems to be a risk factor for PC; but some
differences by MS-typologies could exist. Lipidic alter-
ations and cholesterol were the main typologies associated
with greater PC odds. History of arterial hypertension, hy-
percholesterolemia, and a weight increase since childhood
and up to adulthood were the individual MS-components
associated with PC. The increased weight-change trajec-
tory was the only MS-component associated with greater
odds of poorly differentiated PC at diagnosis. 

It is difficult to compare our results with other studies
because our MS and MS-components evaluation was ret-
rospective and based on self-report. However, our findings
are congruent with a large prospective study, with better
confounding control, that shows the risk of PC increases by
20% in men with MS ( 5 ). Also, our results are comparable
to a nested case-control study, where MS was associated
with almost three times higher risk of PC ( 20 ). 

MS-typologies are a recent proposal for Mexican popu-
lation to characterize MS ( 13 ), which has not been used to
evaluate the association between MS and PC. Nevertheless,
in a previous study that considered a MS definition with
and without hypercholesterolemia, a significant association
with PC (four times greater) was only observed when hy-
percholesterolemia was included in the MS definition ( 8 ). 

Like prior studies ( 7 , 8 ), we found that PC risk was 37%
higher for every increase in the number of affected MS-
components. Nevertheless, when four or more components
were affected, we observed a small decrease, probably be-
cause of the limited number of participants under such con-
ditions or because each MS-component likely contributes
to PC risk in different ways. The main MS-components
associated with PC were history of arterial hypertension
( 5 , 9–11 ) and hypercholesterolemia ( 5 , 7 , 8 ), both reported
in previous studies. 

Contrary to our results, in a meta-analysis, the authors
concluded that MS is associated with a greater risk of
poorly differentiated (Gleason ≥8) PC ( 4 ). High hetero-
geneity was observed between the studies, probably due
to the diversity of designs (five retrospective studies and
a prospective one), differences in the prevalence of MS-
components affected, or the mixture of outcomes. At least
two of the included studies evaluated the risk of biochem-
ical recurrence and not the Gleason scale at diagnosis. 

The association between weight increase over the pa-
tient’s lifespan and a poorly differentiated PC is consis-
tent with advanced PC and fatal PC risk increase, associ-
ated with obesity and abdominal obesity ( 21 ). Only one
prospective study with health professionals in the United
States has used body shape trajectories to evaluate the as-
sociation between adiposity and advanced PC risk. Cases
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Table 1. Selected characteristics of Mexican men. Prostate cancer cases and population controls. 

Characteristics Cases Controls p-value a 

n = 394 (%) n = 793 (%) 

Birthplace b 

Mexico City 200 (51.1) 521 (65.9) < 0.001 
South 30 (7.7) 53 (6.7) 
Central-western 36 (9.2) 60 (7.6) 
Central-eastern 90 (23.0) 118 (14.9) 
North 16 (4.1) 19 (2.4) 
East 19 (4.9) 20 (2.5) 

Education 
Elementary school or less 177 (44.9) 358 (45.2) < 0.001 
Junior high school 66 (16.7) 199 (25.1) 
High school 70 (17.8) 143 (18.0) 
Bachelor’s degree or higher 81 (20.6) 93 (11.7) 

Marital status 
United vs. Non-united 304 (77.2) 635 (80.1) 0.244 

Family history of first-degree PC 

Yes vs. No 41 (10.4) 20 (2.5) < 0.001 
Personal history of sexually transmitted diseases 

Yes vs. No 105 (26.7) 87 (10.9) < 0.001 
Dietary inflammatory index (%) 

Low 134 (34.0) 259 (32.7) 0.879 
Middle 132 (33.5) 267 (33.7) 
High 128 (32.5) 267 (33.7) 

Physical activity pattern c 

None 58 (14.7) 74 (9.3) < 0.001 
Low 215 (54.6) 524 (66.1) 
Moderate 96 (24.4) 138 (17.4) 
High 25 (6.3) 57 (7.2) 

Smoking pattern d 

Never smoker 128 (32.5) 260 (32.8) 0.420 
A 228 (57.9) 474 (59.8) 
B 38 (9.6) 59 (7.4) 

a χ2 test; 
b Mexico City: Only Ciudad de México; South: Campeche, Chiapas, Guerrero, Oaxaca, Quintana Roo, and Yucatán. Central-western: Aguascalientes, 
Colima, Guanajuato, Jalisco, and Michoacán. Central-eastern: Hidalgo; Estado de México, Morelos, Puebla, Querétaro, and Tlaxcala. North: Chihuahua, 
Coahuila, Durango, San Luis Potosí, Zacatecas, Baja California, Baja California Sur, Sinaloa, Sonora, Nayarit, Nuevo León, and Tamaulipas. East: 
Veracruz y Tabasco; 
c Low, a consistently low physical activity throughout life; Moderate, moderated physical activity throughout life; and High, high, and consistent 
physical activity throughout life; 
d Pattern A: men who reported low intensity but constant tobacco consumption throughout life. Pattern B: males with initially low intensity tobacco 
consumption followed by a sustained increase after 30 years old. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

reported in that study as never smoker who were lean in
early life and experienced a moderate increase in body
shape showed only a marginally higher risk of advanced
prostate cancer ( 22 ). 

In addition to the chronic inflammation mechanisms in-
volved in prostate carcinogenesis ( 2 ), other mechanisms,
mainly hormonal, may explain the association between MS
and PC. High cholesterol concentrations are related to high
testosterone levels, increased cell proliferation, and alter-
ation of the membrane’s organization, which have been
associated with increased PC risk ( 23 ). Adiposity pro-
motes a testosterone/estrogen imbalance, which has been
related to PC-aggressiveness and is also associated with
high concentrations of type 1 insulin-like growth factor,
which promotes the proliferation of PC cells indepen-
dently from androgens ( 24 ). In addition, arterial hyperten-
sion seems to be related to increased androgenic produc-
tion, a consequence of an alteration in the sympathetic
system ( 25 ). 

Our results must be interpreted with caution because
this is a retrospective study where the MS-components his-
tory was evaluated by self-report. Since the interviewers
and participants did not know the hypothesis of the study,
it is unlikely that our results are a consequence of a dif-
ferential measurement error. However, we do not reject the
possibility of a non-differential misclassification error, par-
ticularly related to hypercholesterolemia and hypertriglyc-
eridemia history. Compared with the medical records, the
reproducibility of the self-report for both conditions are
0.36. For diabetes and arterial hypertension, reproducibil-
ity is 0.90 and 0.68, respectively ( 26 ). A similar situation
could have occurred in relation to the self-reported medi-
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Table 2. Association between metabolic syndrome (MS), typologies, and its components with prostate cancer (PC) in Mexican men. 

Characteristics 
ControlsControls 

Prostate cancer 

Cases OR 

a (95%CI) OR 

b (95%CI) 
n = 793 (%) n = 394 (%) 

Metabolic Syndrome 
Yes c 94 (11.9) 89 (22.6) 2.15 (1.56–2.96) 1.94 (1.37–2.75) 
No 699 (88.1) 305 (77.4) 1.00 1.00 

MS-Typologies d 

Lipidic alteration 49 (6.2) 47 (11.9) 2.21 (1.45–3.69) 1.85 (1.17–2.94) 
Cholesterol 6 (0.8) 11 (2.8) 4.14 (1.52–11.32) 3.97 (1.38–11.39) 
Triglycerides 7 (0.9) 5 (1.3) 1.63 (0.52–5.18) 1.74 (0.51–5.91) 
Non-lipidic alteration 32 (4.0) 26 (6.6) 1.81 (1.06–3.10) 1.74 (0.97–3.12) 
No 699 (88.1) 305 (77.4) 1.00 1.00 

MS-Components (Yes vs. No) 
Hypertension 192 (24.2) 154 (39.1) 1.98 (1.52–2.58) 1.93 e (1.44–2.58) 
Hypercholesterolemia 70 (8.8) 73 (18.6) 2.39 (1.68–3.41) 1.69 f (1.14–2.50) 
Hypertriglyceridemia 76 (9.6) 61 (15.5) 1.76 (1.23–2.53) 1.40 f (0.94–2.10) 
Weight-change trajectories g 

Increased 352 (44.4) 200 (50.8) 1.57 (1.13–2.18) 1.67 h (1.17–2.40) 
Consistently high weight 254 (32.0) 127 (32.2) 1.38 (0.97–1.97) 1.39 (0.95–2.04) 
Minor change 187 (23.6) 67 (17.0) 1.00 1.00 
Diabetes 152 (19.2) 83 (21.1) 1.11 (0.82–1.50) 0.97 i (0.70–1.36) 
MS-Components affected 

Continuous - - 1.44 (1.27–1.62) 1.37 (1.21–1.56) 
1 427 (53.8) 162 (41.1) 1.51 (0.94–2.4) 1.38 (0.84–2.27) 
2 172 (21.7) 118 (29.9) 2.71 (1.65–4.46) 2.40 (1.43–4.06) 
3 59 (7.44) 61 (15.5) 4.08 (2.31–7.19) 3.42 (1.88–6.24) 
4 27 (3.4) 23 (5.8) 3.4 (1.67–6.90) 2.93 (1.37–6.24) 
5 8 (1.0) 5 (1.3) 2.47 (0.74–8.21) 1.61 (0.43–5.94) 

a Adjusted by age at interview; 
b Adjusted by age at interview, birthplace, education, family history of first-degree PC, history of sexually transmitted diseases, energy-adjusted dietary 
inflammatory index, life-course physical activity and smoking patterns; 
c History of at least three out of five MS-components; 
d Lipidic alteration: history of hypertriglyceridemia and hypercholesterolemia with history of at least another MS-component. Cholesterol: hypercholes- 
terolemia without hypertriglyceridemia, with at least two other MS-components. Triglycerides: hypertriglyceridemia without hypercholesterolemia, 
with at least two other MS-components. Non-lipidic alteration: diabetes, hypertension, and life-course obesity trajectories, without lipidic alterations; 
e Additionally adjusted by history of diabetes, hypertriglyceridemia, and weight-change trajectories; 
f Additionally, adjusted by antecedent of hypertension, and weight-change trajectories; 
g Weight-change trajectories: Minor: subjects with weight increase during adolescence that maintained a normal weight. Consistently high weight: 
subjects with a consistently high weight since childhood. Increased: subjects who had greater weight increase throughout their lives, reaching 
overweight between ages 40 and 50; 
h Additionally, adjusted by antecedent of hypercholesterolemia, hhypertriglyceridemia, and hypertension 
i Additionally adjusted by history of hypercholesterolemia, hypertriglyceridemia, arterial hypertension, and weight-change trajectories. Text in bold 
denotes statistical significance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

cation. Previous report from Japan suggests among males
with not high education level a good validity for regular
medication of hypertension, diabetes mellitus, but not for
dyslipidemias ( 27 ). This may explain why the association
with hypertriglyceridemia changed direction when only
subjects with coherent pharmacological treatment were an-
alyzed. The association maintained the same direction for
hypercholesterolemia, but it was not statistically signifi-
cant. 

Central and abdominal obesity lead to different inflam-
matory effects, however, we decided not to use body mass
index and waist circumference as adiposity measures be-
cause both measurements could be affected by PC condi-
tion. A better temporal relationship between body com-
position and PC could be obtained with weight-change
trajectories. These trajectories were estimated using body
silhouettes, which have a sensitivity > 0.80 for the de-
tection of obesity and overweight ( 28 ). However, a lon-
gitudinal study that considered different ages (from 5–
20 years) ( 29 ) indicated that the figures underestimate
the corresponding body mass index, mostly for the old-
est. Due to the epidemiological design used in this study,
we cannot correlate body silhouettes and body mass in-
dex at early life stages, but the correlation at the time of
the interview or diagnosis suggests that the underestima-
tion was similar in cases (0.55) and controls (0.54), and
the impact on the estimators would tend towards the null
value. 

It is worth noting that our results are unlikely to be
a consequence of selection bias because the participation
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Table 3. Association between metabolic syndrome (MS) and its components with histological prostate cancer (PC) differentiation in Mexican men. 

Characteristics Controls Gleason ≤6 Gleason 7 Gleason ≥8 

Cases OR 

a (95%CI) Cases OR 

a (95%CI) Cases OR 

a (95% CI) 

n = 793 (%) n = 102 n = 140 n = 134 

Metabolic Syndrome b 

Yes 94 (11.9) 25 (24.5) 2.11 (1.22–3.64) 34 (24.3) 2.04 (1.27–3.29) 25 (18.7) 1.43 (0.83–2.46) 
No 699 (88.1) 77 (75.5) 1.00 106 (75.7) 1.00 109 (81.3) 1.00 

MS-Components (Yes vs. No) 
Hypertension c 192 (24.2) 38 (37.2) 1.86 (1.13–3.04) 65 (46.4) 2.67 (1.77–4.04) 46 (34.3) 1.69 (1.07–2.66) 
Hypercholesterolemia d 70 (8.8) 22 (21.6) 2.12 (1.17–3.86) 25 (18.0) 1.54 (0.90–2.66) 21 (15.7) 1.30 (0.71–2.37) 
Hypertriglyceridemia d 76 (9.6) 19 (18.6) 1.84 (0.99–3.43) 18 (12.9) 0.96 (0.53–1.76) 21 (15.7) 1.39 (0.76–2.53) 
Weight-change trajectories e 

Increased 352 (44.4) 55 (53.9) 1.91 (1.03–3.55) 57 (40.7) 1.25 (0.74–2.14) 78 (58.2) 2.79 (1.50–5.17) 
Consistently high weight 254 (32.0) 29 (28.4) 1.26 (0.65–2.46) 56 (40.0) 1.48 (0.86–2.53) 37 (27.6) 1.62 (0.84–3.15) 
Minor change 187 (23.6) 18 (17.6) 1.00 27 (19.3) 1.00 19 (14.2) 1.00 
Diabetes f 152 (19.2) 18 (17.6) 0.82 (0.46–1.52) 30 (21.4) 0.95 (0.58–1.55) 29 (21.6) 1.05 (0.63–1.79) 

a Adjusted by age at interview, birth place, education, first-degree familiar history of PC, history of sexually transmitted diseases, energy-adjusted 
dietary inflammatory index, life-course physical activity and smoking patterns; 
b At least three out of five MS components; 
c Additionally, adjusted by history of diabetes, hypertriglyceridemia, and weight change trajectories; 
d Additionally, adjusted by history of arterial hypertension, and weight-change trajectories; 
e Additionally, adjusted by history of hypercholesterolemia, hypertriglyceridemia, and arterial hypertension; 
f Additionally, adjusted by history of hypercholesterolemia, hypertriglyceridemia, arterial hypertension, and weight-change trajectories.Text in bold 
denotes statistical significance 

Table 4. Association between confirmed history of metabolic syndrome (MS) and its components with prostate cancer (PC) in Mexican men. 

Characteristics 
ControlsCases 

Prostate cancer 

Cases OR 

a 95% CI OR 

b 95% CI 
n = 793 (%) n = 394 

Metabolic Syndrome 
Yes 67 (8.4) 35 (8.9) 1.03 (0.67–21.59) 0.85 (0.54–1.38) 
No 726 (91.6) 359 (91.1) 1.00 1.0 

MS-Components (Yes vs. No) 
Hypertension c 173 (21.8) 137 (34.8) 1.88 (1.44–2.47) 1.99 (1.47–2.68) 
Hypercholesterolemia d 29 (3.7) 23 (5.8) 1.63 (0.93–2.86) 1.21 (0.65–2.26 
Hypertriglyceridemia d 38 (4.8) 14 (3.6) 0.73 (0.39–1.36) 0.49 (0.25–0.96) 

Weight-change trajectories e 

Increased 352 (44.4) 200 (50.8) 1.57 (1.13–2.18) 1.63 (1.14–2.33) 
Consistently high weight 254 (32.0) 127 (32.2) 1.38 (0.97–1.97) 1.43 (0.97–2.09) 
Minor change 187 (23.6) 67 (17.0) 1.00 1.00 
Diabetes f 140 (17.6) 66 (16.7) 0.93 (0.67–1.28) 0.88 (0.62–1.26) 

MS-Components affected 
Continuous - - 1.29 (1.12–1.49) 1.27 (1.09–1.48) 
1 456 (57.5) 198 (50.2) 1.55 (1.01–2.38) 1.55 (0.99–2.45) 
2 155 (19.5) 129 (32.7) 2.94 (1.86–4.66) 3.13 (1.92–5.10) 
3 51 (6.4) 29 (7.4) 2.00 (1.10–3.67) 1.69 (0.88–3.25) 
4 16 (2.0) 6 (1.5) 1.64 (0.58–4.66) 1.50 (0.49–4.59) 

a Adjusted by age at interview; 
b Adjusted by age at interview, birthplace, education, first-degree familiar history of PC, history of sexually transmitted diseases, energy-adjusted 
dietary inflammatory index, life-course physical activity, and smoking patterns; 
c Additionally, adjusted by history of diabetes, hypertriglyceridemia, and weight-change trajectories; 
d Additionally, adjusted by history of arterial hypertension, and weight-change trajectories; 
e Additionally, adjusted by history of hypercholesterolemia, hypertriglyceridemia, and arterial hypertension; 
f Additionally, adjusted by history of hypercholesterolemia, hypertriglyceridemia, arterial hypertension, and weight-change trajectories. Text in bold 
denotes statistical significance. 
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rates for cases and controls were high. In Mexico, there
is not a national cancer registry that would allow to en-
sure the representativeness of our cases. However, the fre-
quency of cases with Gleason ≥7 in our study is like that
reported in the available limited reports ( 30 ). Regarding the
controls’ representativeness, it is difficult to compare our
MS prevalence. As far as we know, there is none previous
study that used self-report MS components for identifying
MS history. Nevertheless, the prevalence of diagnosed dia-
betes mellitus (22.9 vs. 19.2%) and hypertension (27.9 vs.
24.2%) in our controls were like that observed in the Na-
tional Health Survey 2012 for Mexico City male residents
between 43 and 94 years old ( 31 ). Likewise, our preva-
lence of the MS-typology without lipid alterations in our
controls was the same as that reported previously (4.1 vs.
4.0%) ( 13 ). 

Finally, we do not rule out the possibility of resid-
ual confounding. Alcohol consumption has been associated
with higher PC ( 32 ), but we did not have information on it.
Another limitation was imposed by our sample size, which
did not permit us to evaluate whether MS-typologies are
differentially associated with histological PC differentia-
tion. 

Despite the retrospective nature of this first study with
Mexican men, our results reaffirm the potential associa-
tion between of MS and PC. MS is a heterogeneous con-
dition and prospective studies using MS-typologies would
be recommendable to test this hypothesis. According to
the MS prevalence among our controls and that reported
previously, ( 13 ) between 11 and 33% of PC cases in
Mexico City could be attributed to MS. MS is a risk
factor for other chronic degenerative diseases and sus-
ceptible to primary prevention. In addition, men diag-
nosed with MS could be subjected to PC early detection
strategies. 
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