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Background: The aim of this study was to assess the
prevalence of metabolic syndrome (MS) and other surro-
gate markers of insulin resistance, and whether these
markers are better for defining the prehypertensive state
than is renal dysfunction.

Methods: Data from 19,041 healthy active workers,
mean age 42.2 (10.7) years, from three health insurance
companies, were prospectively collected. Presence of MS,
assessed according to the modified criteria of the National
Cholesterol Education Program Third Adult Treatment
Panel, and the ratio of triglycerides to high-density li-
poprotein were considered as surrogate markers of insulin
resistance. Renal function was assessed by the Modifica-
tion of Diet in Renal Disease Study equation. Blood pres-
sure was classified as normotension (NT), prehypertension
(PHT), or hypertension (HT) according to the guidelines
of the seventh report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of High

Blood Pressure.
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Results: The global presence of MS was 11.8% The
higher prevalence was found in subjects with hypertension
(30%), followed by those with PHT (9.6%). The preva-
lence in normotensive subjects was very low (0.9%). The
presence of MS and hypertension increased in parallel
with age. Metabolic syndrome (odds ratio [OR] 4.3), obe-
sity (OR 2.2), overweight (OR 1.7), impaired fasting glu-
cose (OR 1.3), and elevated triglycerides to HDL ratio
(OR 1.2), but no degree of renal dysfunction, were inde-
pendent risk factors for the progression from NT to PHT.

Conclusions: Prehypertension is associated with
markers of insulin resistance, assessed by the presence of
MS and other surrogate markers, and not with an initial renal
dysfunction. In this study, MS was found to be present in
almost one third of hypertensive but asymptomatic and oth-
erwise healthy workers. Am J Hypertens 2006;19:189–196
© 2006 American Journal of Hypertension, Ltd.
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I nsulin resistance1,2 and renal dysfunction2–4 have
been widely implied in the development of hyper-
tension and cardiovascular events. Prehypertension

(PHT) has been recently described as an independent
category of blood pressure (BP).5 Although some reports
show that PHT is associated with lower insulin sensitivity,6
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its pathologic mechanisms are not well described. Accord-
ing to the recent results to the Third National Health and
Nutrition Examination Survey, PHT is present in 31% of
adults in the United States,7 and this condition is associ-
ated with an increased prevalence of both heart disease
and risk for stroke.8

Salud Carlos III (to M.L.); by a grant of the Spanish Society of Cardi-
ology and its section of Preventive Cardiology and Rehabilitation (to
A.C); and by Lacer Laboratories, Spain (to the MESYAS Registry).

The Metabolic Syndrome in Active Subjects in Spain (MESYAS)
Registry investigators are listed in the Appendix.

Address correspondence and reprint requests to Dr. Alberto Cordero,
Clinica Universitaria de Navarra, Cardiology, Pio XII, 36, 31008 Pam-

plona, Navarra, Spain; e-mail:acordero@unav.es

0895-7061/06/$30.00
doi:10.1016/j.amjhyper.2005.08.018



190 AJH–February 2006–VOL. 19, NO. 2PREHYPERTENSION AND INSULIN RESISTANCE
Insulin resistance can be measured directly (although
this option is not routinely available). However, it can also
be estimated by the so-called surrogate markers,9 and of
these the triglycerides-to-high density lipoprotein (TG/
HDL) ratio has been proposed as one of the most accurate.
Metabolic syndrome (MS) is an association of cardiovas-
cular risk factors that cluster in the same individual linked
by insulin resistance.10 Results of large studies have elu-
cidated that above-normal BP is the most prevalent of the
five components of the MS,11–13 and this plays a key role
in the clinical management of the patients with MS.14

More recently, MS has been identified as a strong inde-
pendent predictor of cardiovascular events in hypertensive
individuals, amplifying the cardiovascular risk associated
with hypertension.15

Presence of MS increases the cardiovascular risk asso-
ciated with high BP, amplifying not only the deleterious
vascular effects of hypertension16 but also increasing the
atherosclerotic burden.17 Although the criteria of the Na-
tional Cholesterol Education Program Third Adult Treat-
ment Panel (ATP III) have specified a low sensitivity but
high specificity for the detection of insulin resistance,18,19

these factors are strong predictors for cardiovascular out-
comes linked to atherosclerosis.12 Presence of MS is a
strong independent predictor of any degree of renal dys-
function.20 Renal function seems to be a continuous risk
factor, as even mild or moderate decreases in renal func-
tion are associated with an increased prevalence of car-
diovascular risk factors and coronary events.3,4

In the present subanalysis of the Metabolic Syndrome
in Active Subjects in Spain (MESYAS) Registry study, we
tested whether insulin resistance, renal dysfunction, or
both are associated with higher risk for developing PHT.

Methods
Study Subjects

The MESYAS Study is a national registry that has re-
cruited active workers in Spain and that aims to describe
the prevalence of MS and its impact on cardiovascular
diseases. The first objective is planned as an epidemiologic
cross-sectional design, and some preliminary data are pre-
sented here. Data from the annual health examinations will
be collected from different Spanish cohorts of active work-
ers. At the time of this subanalysis, data from three dif-
ferent cohorts were available, from the following: a large
department store (1,901 persons; 10%), a automobile fac-
tory (5,357; 28.1%), and a national work insurance com-
pany (11,783; 61.9%); thus a total of 19,041 active
workers were included. The prevalence of cardiovascular
risk factors in the second cohort has previously been
published.21 The only exclusion criterion was the lack of
any factor for the diagnosis of MS. The protocol was
approved by an ethic committee of the Preventive Cardi-
ology and Rehabilitation Section of the Spanish Society of
Cardiology (Sección de Cardiología Preventiva y Rehabil-

itation, Sociedad Española de Cardiología).
Data Collection and Assessment of MS

We designed a database unifying data from the three
cohorts. Anonymity was preserved by the assignation of a
worker-number by the medical unit of each company
without any possibility of externally relating this number
to either demographic or clinical data. Informed consent
was not obtained individually but only for each physician
or medical department. However, the workers and syndi-
cates are aware of and annually informed about the results
and use of their data.

The assessment of the MS was based on the presence of
three of its five components according to the modified guide-
lines of ATP III22: body mass index (BMI) �28.8 kg/m2;
triglycerides (TG) �150 mg/dL; HDL cholesterol �40
mg/dL (in men) or �50 mg/dL (in women); BP �130/85
mm Hg; and fasting glucose �110 mg/dL or diabetes mel-
litus previously diagnosed. Abdominal obesity was evaluated
based on a body mass index (BMI) �28.8 kg/m2 instead of
a certain waist circumference, a modification already used by
some groups.12,13,18 When the MESYAS Registry was
initiated, annual health examinations of the participating
companies did not measure waist circumference routinely
and therefore this parameter was not available. All analytic
samples were obtained after an overnight fast of �12 h.
The metabolic score was calculated as the number of
components of the MS that clustered in the same subject.
Non-HDL cholesterol was calculated as the difference of
total cholesterol and HDL levels. When serum creatinine
was available, glomerular filtration rate (GFR) was esti-
mated by the abbreviated Modification of Diet in Renal
Disease Study (MDRD)23 equation.

Categories of BP

The BP value was registered as the average of two mea-
surements obtained with mercury-column sphygmoma-
nometer after 10 min of physical resting. According to the
Seventh Report of the Joint National Committee on Pre-
vention, Detection, Evaluation, and Treatment of High
Blood Pressure (JNC-7),5 subjects were considered to be
normotensive when BP (systolic and diastolic) was �120
and �80 mm Hg; as prehypertensive when systolic BP
was 120 to 39 mm Hg or diastolic BP was 80 to 89 mm
Hg; and as hypertension (HT) if systolic BP was �140 or
diastolic BP was �90 mm Hg.

Statistical Analysis

The Access 2000 (Microsoft, Redmond, WA) and SPSS
11.0 (SPSS Inc., Chicago, IL) programs were used for data
processing. Quantitative variables are presented as mean
(�SD). All variables except triglyceridemia had normal
distribution. One-way analysis of variance (ANOVA) and
the �2 test were used to analyze the statistical differences
among characteristics of participants, and one-way
ANOVA was applied to compare the three categories of
BP. Adjustment by age and other variables was made by

multivariant linear regression, and adjusted odds ratios
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(OR) were assessed in normotensive subjects by logarith-
mic regression with the category prehypertension as de-
pendent variable. Statistically significant difference were
accepted at values of P � .05.

Results
Prevalence of MS

Men accounted for 80% of the sample; mean age was 42.2
(10.7) years, significantly higher in men than women (43.3
v 38.0). The global prevalence of the MS was 11.8%
(2,239 of 19,041 subjects). The prevalence of each com-
ponent was as follows: BP �130/85: 42.9%; BMI �28.8
kg/m2: 24.8%; hypertriglyceridemia: 20.4%; low HDL-
cholesterol: 10.8%; and impaired fasting glucose: 7.8%.
As presented in Figure 1, the prevalence of MS increased
in parallel to age.

FIG. 1. Prevalence of metabolic syndrome according to groups of
age. P � .001 between all age groups.

Table 1. Characteristics of the population accordin

Characteristic Total

Number of subjects 19,041
Age (year) 42.2 (10.7)
Male sex (%) 80%
BMI (kg/m2) 27.5 (5.2)
Blood pressure (mm Hg)

Systolic BP 124.0 (21.5)
Diastolic BP 77.0 (11.2)
Pulse pressure 46.9 (17.7)
Mean BP 92.7 (12.9)

Fasting glucose (mg/dL) 90.7 (20.3)
Plasma cholesterol (mg/dL)

Total 206.4 (40.2)
HDL 51.0 (11.1)
LDL 132.4 (35.5)

Non-HDL cholesterol (mg/dL) 155.4 (39.5)
Triglycerides (mg/dL) 95.0 (67.0)
Ratio TC/HDL 4.2 (1.0)
Ratio TG/HDL 2.5 (2.3)

Data are presented are mean value (standard deviation) except fo

BP � blood pressure; BMI � body mass index; HDL � high-density lipo
TC � total cholesterol; TG � triglycerides.
Subjects with MS were significantly older and had
higher BMI, BP (systolic, diastolic, and mean), pulse
pressure, total cholesterol, triglycerides, LDL cholesterol,
and non-HDL cholesterol, and had lower HDL-cholesterol
levels than did subjects without MS (Table 1). All differ-
ences remained significant after adjustments for age, BMI,
and the presence of diabetes.

Categories of BP

The prevalence and characteristics of the three categories
of BP are depicted in Table 2. Subjects with PHT repre-
sented the highest percentage of the sample. The preva-
lence of HT increased significantly in parallel to age,
whereas PHT remained similar in all age groups (Fig. 2),
and its prevalence was statistically significant only after
dividing the overall group into subjects �40 years and
�40 years of age. The prevalence of NT decreased sig-
nificantly in the groups of 40 to 49 and �50 years of age.
The highest prevalence of MS was found among HT
subjects (30.2%), followed by PHT (9.6%). The metabolic
score increased significantly in the three categories of BP,
even adjustment for age and BMI. Subjects with PHT
showed intermediate levels of pulse pressure, fasting glu-
cose, total and LDL cholesterol, triglycerides, and non-
HDL cholesterol. Differences in HDL cholesterol were
slight and were observed only between subjects with NT
and those without. Of note is that BMI was significantly
lower in NT as compared with the other groups, as PHT
and NT had very similar mean values. The presence of
PHT, compared with NT, was associated with a fivefold
risk for the presence of MS (OR 5.33, 95% CI 3.68 to
7.72) after gender, age, BMI, total cholesterol, and LDL
adjustment.

the presence or absence of metabolic syndrome

No MS MS P value

16,802 2,239 �.001
41.4 (10.6) 46.5 (9.7) �.001

77.7% 97.5% �.001
26.2 (3.2) 34.5 (5.2) �.001

121.4 (21.5) 137.5 (15.9) �.001
75.4 (10.6) 86.0 (9.7) �.001
46.1 (18.4) 51.5 (12.2) �.001
90.7 (12.4) 103.2 (10.4) �.001
87.8 (14.7) 105.8 (24.1) �.001

203.3 (39.2) 222.5 (41.5) �.001
52.3 (11.1) 44.5 (8.8) �.001

131.0 (35.1) 140.3 (36.7) �.001
151.1 (38.0) 178.0 (40.0) �.001
89.0 (54.0) 184.0 (9.6) �.001
4.0 (0.9) 5.1 (1.2) �.001

2.06 (1.5) 4.8 (3.6) �.001

lyceridemia, which is presented as median (interquartile range).
g to

r trig

protein; LDL � low-density lipoprotein; MS � metabolic syndrome;
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Data for GFR were available in 11.779 (61.9%) sub-
jects. The characteristics of this subgroup did not differ
from the total population (data not shown). Mean (�SD)
creatinine was 0.94 (0.2) mg/dL and GFR was 90.2 (18.5).

Table 2. Characteristics of the three categories of

Characteristic NT

Number of subjects 5,687
% of Total 29.9%
Prevalence of MS (%) 0.9%
Metabolic score 0.32 (0.61)
Age (y) 38.4 (9.8)
BMI (kg/m2) 24.9 (3.4)
BP (mm Hg)

Systolic BP 106.9 (7.4)
Diastolic BP 66.3 (6.6)
Pulse pressure 40.6 (7.3)
Mean BP 79.8 (6.0)

Fasting glucose (mg/dL) 85.6 (14.2)
IFG (%) 1.7%
Diabetes (%) 1.0%
Cholesterol (mg/dL)

Total 197.6 (37.9)
HDL 52.4 (11.4)
LDL 125.9 (33.8)

Triglycerides (mg/dL) 83.0 (49.0)
Non-HDL cholesterol 145.2 (37.1)
Ratio TC/HDL 3.9 (1.0)
Ratio TG/HDL 2.0 (1.6)

Data are presented are mean value (standard deviation) except fo
otherwise indicated. BP � blood pressure; BMI � body mass index
fasting glucose (�100 mg/dL); LDL � low-density lipoprotein; MS �
total cholesterol; TG � triglycerides.

* Difference between NT and the rest.
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FIG. 2. Prevalence of the three categories of BP (bars) and glomer-
ular filtration rate (boxes) expressed as mean and 95% confidence
interval, according to groups of age. GFR � glomerular filtration rate.
Mean GFR obtained P � 0.001 in the comparison between all groups of
age. Differences in the prevalence of NT were statistically significantly
in the comparison between subjects 40 to 49 years and the rest and,
also, in the comparison between �50 years and the rest. Prehyperten-
sion obtained P � .001 in the comparison between groups of more and

�40 years. The prevalence of hypertension obtained statistical signif-
icance in the comparison of any group of age.* p � 0.001.
The GFR significantly decreased as age increased (Fig. 2).
As shown in Table 3, subjects with NT had slightly lower
mean creatinine values, whereas GFR was equivalent in
the BP categories of BP.

jects according to blood pressure categories

PHT HT P value

8,945 4,409
47% 23.1% �.001
9.6% 30.2% �.001

1.1 (1.0) 2.1 (1.1) �.001
41.9 (10.5) 47.7 (9.7) �.001
28.3 (7.7) 29.1 (2.9) �.001*

24.1 (6.7) 145.8 (31.3) �.001
77.4 (6.2) 90.4 (8.9) �.001
46.7 (8.4) 55.4 (31.8) �.001
92.9 (18.6) 108.8 (12.4) �.001
90.6 (18.6) 97.5 (27.1) �.001

4.4% 8.6% �.001
2.8% 7.4% �.001

06.3 (40.0) 218.1 (40.4) �.001
50.6 (11.0) 50.2 (10.7) �.001*
32.5 (35.6) 140.6 (35.7) �.001
97.0 (67.0) 116.0 (83.0) �.001
55.6 (39.2) 167.9 (39.4) �.001
4.2 (1.1) 4.5 (1.2) �.001
2.5 (2.2) 3.1 (2.8) �.001

lycerides, which are presented as median (interquartile range) or
L � high-density lipoprotein; HT � hypertensive; IFG � Impaired
abolic syndrome; NT � Normotensive; PHT � prehypertensive; TC �

Table 3. Glomerular filtration rate (mL/min/1.73
m2) in different clinical categories, assessed by the
two different methods

Characteristic Creatinine MDRD

Total 0.94 (0.2) 90.2 (18.5)
Blood pressure category

Normotension 0.91 (0.2) 90.6 (19.0)
Prehypertension 0.96 (0.2) 90.0 (17.8)
Hypertension 0.95 (0.3) 90.1 (17.8)
P value �.001* .4

Metabolic syndrome
No metabolic

syndrome 0.94 (0.2) 90.5 (18.4)
Metabolic syndrome 0.97 (0.3) 88.3 (18.6)
P value �.001 �.001

Fasting glucose
categories

Normoglycemic 0.94 (0.2) 90.4 (18.4)
Impaired fasting

glucose 0.95 (0.2) 87.4 (18.5)
Diabetes mellitus 0.94 (0.6) 89.7 (21.5)
P value .5 �.001

MDRD: abbreviated Modification of Diet in Renal Disease Study
sub

1

2

1

1

r trig
; HD
met
Equation.
* Difference only significant between normotension and the rest.
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The prevalence of impaired fasting glucose and diabe-
tes mellitus increased significantly in the three BP catego-
ries. The NT subjects showed prevalences of 4.4% and
2.8%, respectively, and the HT 8.6% and 7.4%, respec-
tively. Subjects with impaired fasting glucose or diabetes
had significantly lower GFR, but not lower creatinine, as
compared with subjects without these conditions.

Presence of MS, overweight, impaired fasting glucose,
and diabetes showed the highest crude OR for the progres-
sion from NT to PHT, as depicted in Table 4. After
adjustments by age, gender, BMI, and BP, multivariant
logarithmic regression showed that MS, impaired fasting
glucose, obesity, and triglycerides:HDL ratio �2.9 were
the only variables independently associated with the pres-
ence of PHT (Fig. 3). Overweight and mild renal dysfunc-
tion almost reached statistical significance. The OR for
MS in subjects who did not have high BP or impaired
fasting glucose was lower but still highly significant (OR

Table 4. Crude odd ratios and corresponding 95%
confidence intervals for the presence of prehyper-
tension

Characteristic
Unadjusted OR

(95% CI)

Overweight 1.52 (1.43–1.60)
Obesity 2.66 (2.30–3.1)
Diabetes mellitus 1.90 (1.30–2.80)
Impaired fasting glucose 3.15 (2.33–4.25)
Metabolic syndrome 9.51 (6.75–13.41)
Total cholesterol �200 mg/dL 1.20 (1.15–1.25)
Hypertriglyceridemia 0.89 (0.80–1.01)
TG/HDL �2,9 1.88 (1.71–2.11)
TC/HDL �4 1.36 (1.30–1.43)
GFR 60–90 mL/min/1.73 m2 1.25 (1.15–1.37)
GFR �60 mL/min/1.73 m2 1.06 (0.81–1.39)

CI � confidence interval; GFR � glomerular filtration rate; HDL �
high density lipoproteins; OR � odds ratio; TG � triglycerides.

0.8 (0.6-1.3)GFR < 60 ml/min/1.73 m2

1.2 (0.9-1.3)GFR 60-90 ml/min/1.73 m2

1.0 (09-1.1)TC/HDL > 4

1.2 (1.1-1.4)TG/HDL > 2,9

0.9 (0.8-1.1)Hypertriglyceridemia

1.1 (1.1-1.2)TC > 200 mg/dl

4.3 (3.0-6.2)Metabolic syndrome

1.3 (1.1-1.6)IFG

1.1 (0.8-1.5)Diabetes mellitus

2.2 (1.9-2.6)Obesity

1.7 (1.5-1.8)Overweight

Adjusted OR (95% CI)Variables

1 2 43 5 6 7
OR (95% CI)

FIG. 3. Multivariant odd ratios, adjusted by age, gender and body
mass index. CI � confidence interval; GFR � glomerular filtration

rate; HDL � high density lipoprotein; IFG � impaired fasting glu-
cose; OR � odds ratio; TC � total cholesterol; TG � triglycerides.
2.9; 95% CI 1.9 to 4.6). Possible triads from the presence
of MS without the component of BP were analyzed. As
shown in Table 5, the only triad that conferred a significant
risk for presenting PHT was the cluster of obesity, hyper-
triglyceridemia, and low HDL. Mild renal dysfunction,
estimated by either equation, was associated with higher
risk in the unadjusted model but was no longer significant
after multivariant regression analysis.

Discussion
Prevalence of PHT

The main finding of our study is that PHT can be consid-
ered a situation of insulin resistance, clinically assessed by
the ATP definition of MS and other surrogate markers
such as triglycerides-to-HDL ratio or impaired fasting
glucose. As proposed by the JNC-7 report PHT is the
most prevalent category of BP5 and is associated with a
10-fold increase in the prevalence of MS as compared
with NT.

Almost one third of healthy and asymptomatic hyperten-
sive subjects have MS. The global prevalence of MS in our
population is lower than in other published cohorts.11–13,15

Nonetheless, the important finding is not the absolute
value of prevalence but rather the differences in the prev-
alence and metabolic profiles among the three categories
of BP. Our population is strictly constituted by active
workers without overt daily-life–limiting diseases. The
prevalence of classical cardiovascular risk factors is similar
to that in other cohorts published2–4,7–9,11–13,15–20; therefore
we believe that our results are highly representative.

PHT, Renal Function, and MS

As expected, the prevalence of MS increased with age,
whereas GFR showed a significant reduction with age; but
the prevalence of PHT remained equivalent in the groups
of age. Recent studies have reported a strong relationship
between the MS and an impaired renal function20 inde-

Table 5. Odd ratios and corresponding 95% confi-
dence intervals for presenting prehypertension in the
four possible triads of metabolic syndrome that do
not include high blood pressure. Adjustment by age,
gender and blood pressure

Characteristic
Adjusted OR

(95% CI)

Obesity, hypertriglyceridemia,
low HDL 3.2 (1.4–7.1)

Obesity, hypertriglyceridemia,
IFG 1.6 (0.5–4.7)

Obesity, low HDL, IFG 2.1 (0.2–15.7)
Hypertriglyceridemia, low

HDL, IFG 0.7 (0.6–4.2)

CI � confidence interval; IFG � impaired fasting glucose; HDL �
high-density lipoproteins; OR � odds ratio.
pendently of blood pressure. Our results agree with these
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findings in that subjects with MS, but not those with PHT,
had lower GFR. Even more, the multivariate analysis
demonstrated a nonsignificant relation between PHT and
GFR impairment, which suggests that the alterations of
renal function are a consequence, rather than a cause, of
the high BP. The associations between PHT and the sur-
rogate markers of insulin resistance were strong in the
multivariate analysis. With a cross-sectional epidemio-
logic study we can describe associations only, rather than
causal relationships. However these findings are clinically
relevant, because preventing insulin resistance with diet
and with reduction of overweight and sedentary lifestyle
habits could reduce the progression from NT to PHT.

Nevertheless, our findings are in good agreement with
previous reports6 that found a close relationship between
increasing values of BP and insulin resistance, with both
having an additive effect on small-vessel compliance.24

This could also account for the high difference in mean BP
found in subjects with MS as compared with subjects
without MS. The triad of overweight, high triglycerides,
and low HDL has been identified as an accurate surrogate
marker of insulin resistance,9 and in our study this is the
triad associated with a significant risk for BP values that
correspond to PHT.

Renal function is centrally involved in the initiation and
maintenance of HT. An initially impaired filtration pres-
sure leads to an increased BP to maintain sodium bal-
ance.25 Many reliable mechanisms have been proposed to
clarify the association between MS and HT, apart from
insulin resistance and renal dysfunction. The endothelial
dysfunction associated with the presence of MS has been
widely described; in daily practice, it can be clinically
manifest by the presence of increased prevalence of mi-
croalbuminuria associated with MS.20 Hypoadiponectine-
mia26 and hyperleptinemia27 have been described as
markers of obesity and MS, and have recently been related
to HT. The low prevalence of MS in subjects with NT
could be explained by the low prevalence of obesity and
the low levels of surrogate markers of insulin resistance
and renal function impairment.

Hypertension, diabetes, and cardiovascular burden can
directly affect renal function. Renal dysfunction can be
evaluated by GFR or by the presence of any degree of
proteinuria (either micro- or macroalbuminuria).25 Hyper-
filtration can be the initial effect of risk factors on renal
function,2,3,25 which could explain the slightly higher GFR
in individuals with diabetes compared with those with
impaired fasting glucose. Presence of MS is a risk factor
for any degree of chronic kidney disease evaluated with
both parameters.20 The MESYAS Registry has no access
to urine samples, and therefore albuminuria could not be
assessed. Restricting the diagnose of renal dysfunction,
based on arbitrary limits, to a low estimated GFR is not
very precise but helps to exclude possible associations.
Our analysis cannot exclude any relationship between
renal dysfunction and PHT, but at least we can state that

lower GFR is not involved in such an association.
PHT, Lipid Levels, and Insulin Resistance

Subjects with PHT had a lower TG/HDL ratios than sub-
jects with HT but had higher ratios than those with NT.
This ratio has showed strong independent predictive
power for myocardial infarction,28 and has been proposed
as a marker of insulin resistance.9 More recently, David-
son et al29 have reported the association between an in-
creased values in the triglycerides/HDL ratio and blunted
diurnal BP variations. Our results demonstrate that the
cluster of these two risk factors with a BMI �28.8 kg/m2

increases the possibility of presenting with PHT. Although
the differences in values of mean glycemia might not seem
clinically relevant, increasing values of fasting glycemia
are independent predictors of new-onset diabetes and a
reduced probability of event-free survival.30

Small dense LDL particles, greater than serum LDL
levels, are a feasible explanation of the increased inci-
dence of ischemic heart disease found in diabetes and
MS.10 The size of LDL particles is inversely correlated
with triglyceride-to-HDL ratio.31 Subjects with PHT
showed intermediate values of both ratios between NT and
HT, which demonstrates that prehypertension is an insu-
lin-resistance state and highlights PHT as factor to be dealt
with on a preventive basis.

Our results show that surrogate markers of insulin
resistance are strong risk factors for the transition from NT
to PHT. In particular, the triad of BMI �28.8 kg/m2,
hypertriglyceridemia, and low HDL increased threefold
that difference (OR 3.2; 95% CI 1.4 to 7.1). Moreover,
renal dysfunction showed no higher risk for such differ-
ence. Previous results demonstrated the strong predictive
power of MS for new-onset diabetes12 (OR 3.51, 95% CI
2.47 to 4.98) in univariate models. Our results amplify a
subject of extreme importance in terms of prevention: the
progression from NT to HT. These results also agree with
recent data from the ATTICA study,32 that demonstrated that
prehypertension is a pro-inflammatory state. In addition, MS
has been largely described as a pro-inflammatory state.12–14

Limitations of the Study

The main limitation of our analysis is our cohort may not
be fully representative of current cardiac outpatients.
Healthy active workers may have a lower cardiovascular
risk, despite being a highly interesting group in terms of
targeted prevention. We selected active workers for the
MESYAS Registry because a large sample could be ac-
cessible by the annual health examinations. The age of this
collective (mean 42 years) is highly suitable for preventive
issues, as well as for incipient or subclinical cardiovascu-
lar diseases. Even more, the impact on disabilities or
potentially lost working days and years have a huge social
and health impact. The assessment of BMI instead of waist
circumference is a well-validated modification of the ATP
diagnostic criteria, although it underestimates the preva-
lence of MS.12,13,18 The highly significant differences found

despite of this modification enhance our results. The only
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parameter for the evaluation of renal function was GFR, and
this could lead to an underestimation of renal insuffiency. The
low prevalence of women could have decreased the preva-
lence of renal dysfunction, as most reports agree that women
are at high risk for impaired renal function.2,3,23

Conclusion

The main finding of this MESYAS Registry substudy is that
prehypertension is an insulin resistance state, as assessed by
the prevalence of metabolic syndrome and other surrogate
markers, and not the result of initial renal dysfunction. The
presence of MS was observed in almost one third of hyper-
tensive but asymptomatic and otherwise healthy workers, and
must be addressed as an important target for prevention.
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Appendix
The Metabolic Syndrome in Active Subjects in Spain

(MESYAS) Registry investigators comprise the following:
Eduardo Alegría, Ignacio Ferreira, José Antonio Casas-
novas, Alfonso del Río, Alberto Cordero, Martín Laclaus-
tra, Alberto Grima, Emilio Luengo, Montserrat León,
Mónica Nájar, Beatriz Ordóñez, Clara Bergua, and Isaac
Pascual Calleja.

Medical department of Corte Ingles, ASEPEYO, Va-
lencia: Luis Francisco Camisa Jiménez, Eva María Costa
Morant, Eugenia del Mar, Garcia-Vilanova Comas, and
Joaquin Antoni Martínez.

Medical Department of Ford Factory, ASEPEYO, Almus-
safes, Valencia: Francisco Orts Suarez, Francisco Iñiguez
Albort, José Cruz Gisbert, Manuel Puchades Buendía, Con-
cepcion Benaches Carcel, Agustin Baldovi Vercher, Jorge

Grau Carmen, and Jorge Sanchis Botella.
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