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Indicators of accumulated fat are stronger
associated with prehypertension compared with
indicators of circulating fat
A cross-sectional study
Susana Rivera-Mancía, PhDa, Eloisa Colín-Ramírez, PhDa, Ra�ul Cartas-Rosado, PhDa,
Oscar Infante, BScb, Jes�us Vargas-Barrón, PhDc, Maite Vallejo, PhDd,∗

Abstract
Recently, prehypertension has been considered as a risk factor for cardiovascular disease because it can progress to hypertension.
The association between obesity and dyslipidemia with raised blood pressure has been reported in some studies; however, the ability
of indicators of such conditions to predict prehypertension has been scarcely explored. In this cross-sectional study, we compared
the ability of indicators of accumulated and circulating fat to discriminate between prehypertensive and normotensive Mexico City
residents (n=1377). The indicators were classified based on the parameters needed for their calculation: including only circulating fat
(IOCFi) (e.g., Castelli risk indexes), including only accumulated fat (IOAFi) (e.g., waist circumference [WC]), and mixed (e.g., lipid
accumulation product [LAP]). We compared the areas under the receiving operating characteristic curves (AURCs) and estimated the
cutoff points for each indicator and their associated risk of prehypertension. The IOAFi had the greatest AURCs, followed by mixed
and IOCFi; the AURCs for WCwere the highest (AURC=0.688 and 0.666 for women andmen, respectively). The highest odds ratios
for prehypertension were those associated with the cutoff points for IOAFi and LAP (e.g., OR=2.8 for womenwithWC>83.5cm and
OR=2.6 for men with WC>87.5cm). Early detecting people at risk of cardiovascular disease is a necessity and given that WC had a
better performance than the other indexes and it is relatively easy to measure, it has the potential of being used as a complementary
measure in routine clinical examinations and by the general population as an auto-screening measurement to detect
prehypertension.

Abbreviations: AIP = atherogenic index of plasma, ANOVA = analysis of variance, AURC = area under the ROC curve, BMI =
body mass index, CVD = cardiovascular disease, DBP = diastolic blood pressure, HDL-C = high-density lipoprotein-cholesterol,
IOAFi = including only accumulated fat, IOCFi = including only circulating fat, IPAQ = International Physical Activity Questionnaire,
LAP = lipid accumulation product, LDL-C = low-density lipoprotein cholesterol, OR = odds ratio, PVAT = perivascular adipose
tissue, ROC = receiving operating characteristic, SBP = systolic blood pressure, SPSS = statistical package for the social sciences,
TC = total cholesterol, TG = triglyceride, VAI = visceral adiposity index, WC = waist circumference, WHO = World Health
Organization, WtHR = waist to height ratio.
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1. Introduction

Raised blood pressure is a major risk factor for cardiovascular
disease (CVD) and it is estimated to account for 7.5 million
deaths worldwide, with prevalence rates over 40% in people
older than 25 years.[1] It is known that prehypertension is very
likely to progress to hypertension and, consequently, can increase
the probabilities of developing CVD[2,3]; in fact, the Strong Heart
Study identified that 38% of prehypertensive people developed
hypertension,[2] and a recent meta-analysis showed that
prehypertension is associated with CVD mortality.[4] The
estimated worldwide prevalence of prehypertension in adults is
25% to 50%,[5] while in Mexico is 37.5%.[6]

Both obesity and dyslipidemia (in other words, accumulated
and circulating fat) have been associated with the presence of
prehypertension, hypertension, and increased cardiovascular
risk[7,8]; indeed, prehypertension is more prevalent in people with
dyslipidemia[9] and obesity.[10] Different body-fat-related meas-
urements and indexes are currently used as indicators of
cardiovascular risk and some of them have been tested as
predictors of hypertension or prehypertension.[11–14] Some of the
indicators consider only circulating fat, that is, Castelli risk
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indexes 1 and 2, and atherogenic index of plasma (AIP), while
others involve body-composition-related measurements, such as
waist circumference (WC), waist to height ratio (WtHR), and
body mass index (BMI).[15] Furthermore, in recent years, a
variety of indexes combining anthropometric measurements and
lipid profile have emerged: lipid accumulation product (LAP) and
visceral adiposity index (VAI) among them[16,17]; however, in the
clinical practice, AIP and Castelli index 1 continue to be the most
used indicators of cardiovascular risk.[18]

Some studies have shown that prehypertension is associated
with a variety of cardiovascular alterations, such as impaired
cardiac structure and function and reduced nitric-oxide-dependent
vasodilation.[19,20] Preventing the onset of CVD is a worldwide
priority[21] and the earlier preventive strategies are implemented
the greater their impact on health is expected. Because diagnosis of
hypertension frequently occurs at advanced stages of the
disease,[22] it is necessary to identify the individuals at risk as
soon as possible, for instance, thosewith prehypertension.The aim
of this study was to compare several indicators of circulating and/
or accumulated fat regarding its ability to discriminate between
normotensive and prehypertensive men and women living in
Mexico City, to detect the indicator(s) that better associates with
such condition. Additionally, we also estimated cutoff points for
prehypertension for each of the indicators and the odds ratios
(ORs) of prehypertension considering those values.
2. Methods

2.1. Volunteers

Participants were clinically healthy volunteers recruited for the
Tlalpan 2020 cohort from September 2014 to August 2016.
Tlalpan 2020 is a longitudinal study aimed to evaluate the impact
of traditional and nontraditional risk factors on hypertension
incidence in a population ofMexico City. Study design, methods,
and selection criteria for the Tlalpan 2020 cohort were described
in detail elsewhere.[23] Overall, people from all the municipalities
of Mexico City were invited to participate through massive
dissemination methods, such as social networks (Facebook and
Twitter), radio, television, and distribution of brochures
and posters in health, community, work, and cultural centers
and schools. Participants were women and men aged 20 to 50
years, living inMexico City, and not suffering from hypertension.
People previously diagnosed with diabetes mellitus, dysthyroid-
ism, cerebrovascular disease, ischemic cardiopathy, acute coro-
nary syndrome, or cancer with an effect on survival, as well as
pregnant women, people taking antihypertensive medication or
those with mental and cognitive disabilities were excluded. For
the purpose of this cross-sectional analysis, among recruited
participants, those who had no complete baseline data or were
taking lipid-lowering medication at baseline were excluded from
this analysis. All participants were informed about the
procedures reported here and signed the respective informed
consent. The Tlalpan 2020 study follows the principles of the
declaration of Helsinki and was approved by the Institutional
Bioethics Committee of the Instituto Nacional de Cardiología
Ignacio Chávez (National Institute of Cardiology Ignacio
Chavez) under number 13-802.
Participants included in the analysis were classified according

to their blood pressure measurements (Section 2.2) in 2 groups:
normotensive and prehypertensive.
Information regarding smoking habit and alcohol consump-

tion was recorded. Participants who reported to have smoked
2

100 or more cigarettes in their lifetime and, additionally, smoked
daily or some days at the time of the survey, were classified as
current smokers.[24] People who, at the time of survey, reported
to consume alcohol regardless of frequency, were classified as
current alcohol consumers.
Also, the long version (7 days) of the International Physical

Activity Questionnaire (IPAQ)[25] was applied to participants to
assess physical activity. A categorical indicator of physical
activity was obtained, classifying it as low, moderate, and high,
according to the criteria of the IPAQ working group.

2.2. Blood pressure assessment

Before starting blood pressure measurement, participants were
asked to remain seated for at least 10 minutes. Blood pressure
was measured 3 times with a 3-minute interval between each
measurement and the average of them was recorded. A cuff
whose size was suitable for the arm of each participant and a
mercury sphygmomanometer (empire N; Riester, Jungingen,
Germany), previously calibrated at our institution, were used.
Participants were excluded from the cohort when their systolic
blood pressure (SBP) was ≥140 mm Hg and/or their diastolic
blood pressure (DBP) was ≥90 mm Hg.[26] The rest of
participants were classified as prehypertensive when SBP was
≥120 and <140 mm Hg and/or DBP was ≥80 and <90 mm
Hg[3]; while participants with SBP<120 mm Hg and DBP<80
mm Hg were classified as normotensive.

2.3. Anthropometric measurements

Weight, height, and WC measurements were performed with the
patient fasting, shoeless, and wearing a hospital gown in
accordance with the International Society for the Advancement
of Kinanthropometry (ISAK).[27] Briefly, weight wasmeasured on
a mechanic scale (SECA 700), with capacity of 220kg and
precision of 0.05kg, with the patient placed at the center of the
platform, in upright position and the arms freely hanging to the
sides. To measure the height on a stadiometer SECA 220,
participants were asked to maintain an erect position, with the
scapula, buttocks, heels, and back part of the skull projected in
the same vertical plane, and head oriented in the plane of
Frankfurt. The cursor of the stadiometer was set firmly on the
vertex, and the readingwas recorded.WCwasmeasured between
the last costal arch and the iliac crest, at the narrowest part of the
abdomen, by using ameasuring tapemade of glass fiber Bodyflex,
with length of 150cm.

2.4. Biochemical parameters

Venous blood samples were obtained after an overnight fast of
12hours. Serum total cholesterol (TC), high-density lipoprotein-
cholesterol (HDL-C), low-density lipoprotein-cholesterol (LDL-
C), triglycerides (TGs), glucose, creatinine, and uric acid were
measured in automatic analyzers at the Central Lab of our
institution. Serum lipid levels were used to calculate the indicators
described in Section 2.5.
Sodium and potassium excretions were determined in 24-hour

urine samples by using the ion-selective electrode method, as a
surrogate of sodium and potassium intake. Urinary creatinine
was determined by the Jaffe’s colorimetric assay to assess the
completeness of 24-hour urine samples: only those samples with
creatinine excretion standard rates (15–25mg/kg/24 h for men
and 10–20mg/kg/24 h for women) were considered as complete
and used for a sub-analysis (Section 2.6).
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2.5. Calculations for lipid and anthropometric indicators

Indicators were grouped according to the elements needed for
their calculation: including only circulating fat (IOCFi), including
only accumulated fat (IOAFi), and mixed. The IOCFi included
Castelli risk index 1 (Castelli 1), Castelli risk index 2 (Castelli 2),
and AIP; IOAFi comprised WC, WtHR, and BMI; and mixed
indicators included LAP and VAI. Calculations for all these
indicators (except for WC) are summarized in Table 1.
2.6. Statistical analysis

Analysis of variance (ANOVA) was used to compare biochemi-
cal, anthropometric, and clinical parameters, between normo-
tensive and prehypertensive men and women, when homogeneity
of variances assumption was satisfied, or Kruskall–Wallis when it
was not; in both cases, the tests were followed by multiple
comparisons with Bonferroni adjustment. Categorical variables
were analyzed by Pearson Chi-squared test. Student t test or
Mann–Whitney U test, as needed, was used to compare between
all men versus all women. Statistical significance was considered
when P< .05.
The receiving operating characteristic (ROC) analysis was

employed to test the ability of all the indicators (IOCFi, IOAFi,
and mixed) to discriminate normotensive from prehypertensive
people through the areas under the ROC curve (AURC). A
statistically significant discriminatory power was considered
when P< .05. The AURCs were also obtained after performing a
missing data analysis through the multiple imputation method (5
imputations); such information is displayed in supplementary
Tables 1 (http://links.lww.com/MD/C393) and 2 (http://links.
lww.com/MD/C393).
Sensitivity and specificity were retrieved from the statistical

package for the social sciences (SPSS) for several possible cutoff
points for each parameter to identify the presence of prehyper-
tension; the “best” cutoff point was selected based on the
required sensitivity approach,[31] establishing a minimum of
0.80, together with the maximum specificity when sensitivity
≥0.80.
Univariate and multivariate logistic regression analyzes were

performed, for men and women separately, to estimate the
unadjusted and adjusted OR and 95% confidence interval for the
Table 1

Calculations for anthropometric and lipid indicators.

Indicator Formula

Lipid accumulation

product, cm mmol/L[16]
For men: ðWC� 65Þ � ðTGÞ

For women: ðWC� 58Þ � ðTGÞ
Visceral adiposity

index (VAI)[17]
For men: VAI ¼ WC

39:68þð1:88 x BMIÞ
� �

� TG
1:03

� � � 1:31
HDL

� �

For women: VAI ¼ WC
36:58þð1:89 x BMIÞ

� �
� TG

0:81

� � � 1:52
HDL

� �
Castelli risk index

1 (Castelli 1)[28]
TC

HDLC

Castelli risk index

2 (Castelli 2)[28]
LDLC
HDLC

Atherogenic index

of plasma[29]
log TG

HDLC

� �

Waist to height ratio[15] WC
Height

Body mass index, kg/m2[30] Weight
Height2

HDLC=high-density lipoprotein cholesterol, LDLC= low-density lipoprotein cholesterol, TC= total
cholesterol, TGs= triglycerides, WC=waist circumference.
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presence of prehypertension associated to each of the studied
parameters. To this end, values of each parameter were split at 2
levels: below and above their respective previously identified
cutoff point. Estimations were adjusted by age, physical activity,
smoking habit and alcohol consumption. An OR was considered
statistically significant when P< .05. A sub-analysis with sodium
and potassium excretion as covariates was also performed, and it
included only those participants who provided complete 24-hour
urine samples (supplementary Table 3, http://links.lww.com/
MD/C393).
The whole statistical analysis was carried out by using SPSS v.

22 (IBM, Chicago, IL).
3. Results

3.1. General characteristics of participants and blood
pressure status

Until August 2016, a total of 1523 persons had been evaluated
for eligibility. Seventy-seven people were excluded from the
Tlalpan 2020 cohort during their basal visit due to hypertension
(4 of them for hypertension combined with diabetes) and 49 for
reasons different to hypertension (e.g., diabetes, dysthyroidism,
CVD, and other causes). In addition, 7 people had no complete
data for this study, and 13 were taking lipid-lowering medication
(Fig. 1). Therefore, 1377 people were included in the present
study (902 women and 475 men). Seventy-six percent of
participants provided a complete 24-hour urine sample (Section
2.4 for criteria) and their data were used for a multiple logistic
regression sub-analysis, with sodium and potassium excretion as
covariates (supplementary Table 3, http://links.lww.com/MD/
C393).
Prehypertension was more frequent among men than women,

35% and 16%, respectively. Men were significantly younger
than women (Table 2). Prehypertensive people were older and
displayed higher values of weight, SBP, and DBP than
normotensive ones (Table 2). A significant difference was
observed between normotensive men and women for SBP and
DBP, while these parameters were not different between
prehypertensive men and women. Additionally, it was observed
that SBP and DBP were 6% and 7%, respectively, higher in men
compared to women.
3.2. Biochemical parameters

All biochemical parameters were higher in men than in women,
except for HDL-C (Table 2). Uric acid, creatinine, and LDL-C
levels were not different between blood pressure groups (for both,
men and women). TC was significantly increased only in
prehypertensive women; while in prehypertensive men, it was
similar to normotensive men and women. Glucose and TGs were
significantly higher in prehypertensive compared to normotensive
for both men and women (Table 2).
3.3. Lipid and anthropometric indicators

All lipid and anthropometric indicators were higher in men than
in women, except for BMI andWtHR, which did not display any
significant difference between genders. All the indicators were
significantly higher in prehypertensive people (Table 3). When
prehypertensive men and women were compared, all the IOCFi
and WtHR significantly differed between genders, being the
WtHR higher in women than men.

http://links.lww.com/MD/C393
http://links.lww.com/MD/C393
http://links.lww.com/MD/C393
http://links.lww.com/MD/C393
http://links.lww.com/MD/C393
http://links.lww.com/MD/C393
http://links.lww.com/MD/C393
http://www.md-journal.com


Figure 1. Flow diagram of participants. A total of 1523 participants were evaluated for eligibility and 1377 of themwere included in this study. CVD= cardiovascular
disease, DBP = diastolic blood pressure, SBP = systolic blood pressure.
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3.4. ROC analysis and cutoff points for lipid and
anthropometric indicators

A shown in Figure 2, and based on the ROC analysis, all the
indicators were able to discriminate between normotensive and
prehypertensive men and women, with a higher discriminatory
power for women (except for VAI and AIP). Overall, IOAFi
exhibited the highest values for AURC, followed by mixed and
Table 2

General characteristics of participants of the study and biochemical
Women

Parameter Total (n=902)
Normotensive
(n=759)

Prehyper
(n=1

Age, y 37.66±8.97 37.17±9.01 40.27±
Weight, kg 64.65 (57.90–73.60) 63.60 (57.00–71.50) 72.30 (64.0
Height, m 1.57±0.06 1.57±0.06 1.58±
Systolic blood pressure, mm Hg 104.23±10.35 101.56±8.32 118.42±
Diastolic blood pressure, mm Hg 70.00 (64.00–76.00) 68.67 (62.67–72.67) 81.33 (80.0
High physical activity, n (%) 333 (36.9) 289 (38.1) 44 (30.8
Current smokers, n (%) 161 (17.8) 140 (18.4) 21 (14.7
Alcohol consumers, n (%) 620 (68.7) 523 (68.9) 97 (67.8
Uric acid, mmol/L 275.4 (236.7–314.1) 272.4 (235.5–312.9) 283.1 (250
Creatinine, mmol/L 61.9 (55.7–68.1) 70.0 (54.8–68.1) 62.8 (57.5
Total cholesterol, mmol/L 4.74 (4.23–5.36) 4.67 (4.19–5.28) 5.11 (4.58
HDL-cholesterol, mmol/L 1.32 (1.12–1.58) 1.33 (1.13–1.58) 1.25 (1.09
LDL-cholesterol, mmol/L 3.12±0.76 3.08±0.77 3.36±
Triglycerides, mmol/L 1.28 (0.94–1.78) 1.23 (0.91–1.73) 1.50 (1.07
Glucose, mmol/L 5.05 (4.72–5.33) 5.00 (4.72–5.33) 5.16 (4.88

Data are presented as mean ± standard deviation or as median (interquartile range). Comparisons among
Wallis test as appropriate, followed by multiple comparisons with Bonferroni adjustment. For analysis o
∗
P< .05 for the comparison vs normotensive women.

† P< .05 for the difference between men and women (Student t test or Mann–Whitney U test).
‡ P< .05 for the difference from the prehypertensive women.
x P< .05 for the difference from normotensive men.
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IOCFi. After a missing data analysis, that was performed because
we did not have complete data for 7 participants, the AURCs
were similar to those obtained from the original data
(supplementary Tables 1 [http://links.lww.com/MD/C393] and
2 [http://links.lww.com/MD/C393]).
Since all the studied parameters displayed statistical signifi-

cance in the ROC analysis, their cutoff points were calculated.
Cutoff values were higher for men than for women in all the
parameters.
Men

tensive
43)

Total
(n=475)

Normotensive
(n=310)

Prehypertensive
(n=165)

8.31
∗

35.84±8.95† 35.05±8.90
∗,‡ 37.33±8.87‡,x

0–81.80)
∗

77.10 (69.20–86.10)† 75.20 (67.30–82.10)
∗

82.00 (72.90–92.00)
∗,‡,x

0.07 1.71±0.07† 1.70±0.07
∗,‡ 1.71±0.06

∗,‡

8.31
∗

110.47±10.15 105.66±8.03
∗,‡ 119.49±7.11

∗,x

0–84.00)
∗

74.67 (68.66–80.00)† 70.67 (66.00–75.33)
∗,‡ 82.00 (80.00–84.67)

∗,x

) 214 (45.1)† 131 (42.3) 83 (50.3)
) 123 (25.9)† 83 (26.8) 40 (24.2)
) 386 (81.3)† 245 (79.0) 141 (85.5)
.4–325.4) 378.3 (331.3–421.1)† 362.8 (323.6–406.3)

∗,‡ 393.2 (346.2–436.6)
∗,‡

–68.1) 83.1 (75..1–90.2)† 82.2 (75.14–89.3)
∗,‡ 83.1 (75.14–91.94)

∗,‡

–5.56)
∗

4.84 (4.25–5.48) 4.79 (4.21–5.48)‡ 4.90 (4.36–5.52)
–1.54) 1.11 (0.93–1.28)† 1.15 (0.95–1.32)

∗,‡ 1.06 (0.86–1.20)
∗,‡,x

0.67
∗

3.27±0.84† 3.26±0.88
∗

3.29±0.78
∗

–2.10)
∗

1.71 (1.16–2.34)† 1.57 (1.08–2.14)
∗

1.97 (1.33–2.85)
∗,‡,x

–5.49)
∗

5.16 (4.88–5.49)† 5.11 (4.88–5.33)
∗

5.28 (5.11–5.61)
∗,x

normotensive and prehypertensive men and women were analyzed by analysis of variance or Kruskall–
f categorical data, Pearson Chi-squared test was performed.
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Table 3

Lipid and anthropometric indicators.
Women Men

Type of
indicator Indicator Total (n=902)

Normotensive
(n=759)

Prehypertensive
(n=143)

Total
(n=475)

Normotensive
(n=310)

Prehypertensive
(n=165)

Mixed Lipid accumulation product,
cm •mmol/L

38.58 (21.67–60.53) 35.26 (19.89–57.15) 57.38 (33.63–80.13)
∗

48.20 (26.67–80.01)† 41.21 (21.99–67.99)‡ 65.78 (37.95–102.75)
∗,x

Visceral adiposity index 1.81 (1.13,2.88) 1.76 (1.09–2.80) 2.21 (1.39–3.58)
∗

2.04 (1.25–3.18)† 1.84 (1.18–2.99)‡ 2.57 (1.67–4.11)
∗,x

Including only
circulating
fat indicators

Castelli risk index 1 3.58 (2.95–4.39) 3.53 (2.90–4.32) 3.92 (3.26–4.76)
∗

4.46 (3.58–5.42)† 4.29 (3.45–5.23)
∗

4.73 (3.99–5.75)
∗,‡,x

Castelli risk index 2 2.34 (1.83–3.00) 2.29 (1.76–2.92) 2.69 (2.10–3.19)
∗

3.02 (2.32–3.68)† 2.90 (2.20–3.61)
∗

3.18 (2.65–3.76)
∗,‡,x

Atherogenic index of plasma �0.004±0.275 �0.02±0.28 0.07±0.26
∗

0.186±0.323† 0.14±0.32
∗

0.27±0.32
∗,‡,x

Including only
accumulated
fat indicators

Body mass index, kg/m2 26.23 (23.76–29.63) 25.91 (23.39–28.94) 29.32 (25.59–32.77)
∗

26.68 (24.29–29.51) 25.96 (23.31–28.19)‡ 28.06 (25.46–31.27)
∗,x

Waist to height ratio 0.55 (0.51–0.61) 0.55 (0.50–0.60) 0.60 (0.54–0.66)
∗

0.55 (0.51–0.59) 0.54 (0.49–0.58)
∗,‡ 0.57 (0.53–0.62)

∗,‡,x

Waist, cm 88.28±11.80 86.96±10.97 95.27±13.54
∗

94.16±11.74† 91.85±10.87
∗

98.51±12.13
∗,x

Data are presented as mean ± standard deviation or as median (interquartile range). Comparisons among normotensive and prehypertensive men and women were analyzed by analysis of variance or Kruskall–
Wallis test as appropriate, followed by multiple comparisons with Bonferroni adjustment. For analysis of categorical data, Pearson Chi-squared test was performed.
∗
P< .05 for the comparison vs normotensive women.

† P< .05 for the difference between men and women (Student t test or Mann–Whitney U test).
‡ P< .05 for the difference from the prehypertensive women.
x P< .05 for the difference from normotensive men.
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parameters, except for WtHR, BMI, and LAP, where they were
very close to each other (Fig. 2). We search for the maximum
specificity among all those possible cutoff values having a
minimum sensitivity of 0.80; specificity was higher for men in
mixed indicators and IOAFi and for women in IOCFi. More
details about sensitivity and specificity, together with negative
Figure 2. Receiving operating characteristic (ROC) curves discriminating between
risk indicators. All the indicators significantly discriminated between normotensive a
were those of waist circumference, waist to height ratio, and lipid accumulation pro
respective sensitivity and specificity, are displayed in the table at the bottom rig
accumulation product, VAI = visceral adiposity index, WC = waist circumference

5

and positive predictive values, are provided in supplementary
Table 4 (http://links.lww.com/MD/C393).

3.5. Logistic regression

The ORs were calculated from logistic regression based on the
cutoff points of the table embedded in Figure 2. The unadjusted
normotensive and prehypertensive people and cutoff points for cardiovascular
nd prehypertensive men and women. The highest areas under the ROC curves
duct for both, women (top left) and men (top right). The cutoff points, with their
ht. AIP = atherogenic index of plasma, BMI = body mass index, LAP = lipid
, WtHR = waist to height ratio.
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Table 4

Odds ratios of prehypertension associated with each of the indicators.

Women Men

Type of indicator Indicator Unadjusted model Adjusted model Unadjusted model Adjusted model

Mixed Lipid accumulation product, cm mmol/L 2.898 (1.871–4.489)
∗

2.559 (1.630–4.017)
∗

2.585 (1.643–4.067)
∗

2.463 (1.521–3.988)
∗

Visceral adiposity index 2.029 (1.307–3.150)
∗∗

1.911 (1.222–2.988)
∗∗

1.933 (1.233–3.030)
∗∗

1.828 (1.139–2.935)
∗∗∗

Including only
circulating
fat indicators

Castelli risk index 1 1.946 (1.253–3.022)
∗∗

1.744 (1.115–2.729)
∗∗∗

2.384 (1.520–3.739)
∗

2.190 (1.366–3.511)
∗∗

Castelli risk index 2 2.056 (1.308–3.230)
∗∗

1.829 (1.155–2.897)
∗∗∗

2.139 (1.367–3.345)
∗∗

1.990 (1.237–3.201)
∗∗

Atherogenic index of plasma 1.825 (1.160–2.871)
∗∗

1.714 (1.082–2.715)
∗∗∗

2.120 (1.342–3.347)
∗∗

2.052 (1.271–3.314)
∗∗

Including only
accumulated
fat indicators

Body mass index, kg/m2 2.641 (1.713–4.071)
∗

2.758 (1.752–4.342)
∗

2.467 (1.587–3.833)
∗

2.177 (1.383–3.426)
∗∗

Waist to height ratio 2.950 (1.894–4.595)
∗

2.662 (1.684–4.208)
∗

2.283 (1.473–3.537)
∗

2.103 (1.311–3.371)
∗∗

Waist, cm 2.950 (1.894–4.595)
∗

2.828 (1.786–4.478)
∗

2.618 (1.628–4.209)
∗

2.383 (1.448–3.923)
∗∗

Data are presented as OR (CI 95%). The column of adjusted model considers all the adjustment variables: age, physical activity, smoking, and alcohol consumption.
∗
P< .001.

∗∗
P< .01.

∗∗∗
P< .05.
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models resulted in the highest ORs for IOAFi and the mixed
indicator LAP, for both women and men. In the models adjusted
for all the covariates, IOAFi were the ones with the highest ORs
for women, while for men, LAP was the one with the highest OR
(Table 4). Age and physical activity were the only statistical
significant covariates for women, in the models for all the
indicators; the same covariates were statistically significant for
men only for the model of AIP and age was for the model of BMI.
4. Discussion

The relevance of detecting prehypertension has been recently
recognized[32] and its association with obesity and dyslipidemia
has been documented.[9,33] The present study evaluated the
ability of several body-fat-related indicators to discriminate
between normotensive and prehypertensive men and women. We
found that indicators related to accumulated fat (named here
IOAFi) were the best predictors for prehypertension, followed by
mixed indicators (LAP and VAI), and finally by those related only
to circulating fat (named here IOCFi).
In agreement with other studies,[9,33] prehypertensive men and

women displayed a worse lipid profile compared with normo-
tensives. Also, prehypertensive people displayed significantly
higher values of all the indicators studied in this work, regardless
of the type of indicator. We found here that IOAFi, such as WC,
WtHR, but also a mixed indicator, LAP, had the higher AURCs;
interestingly, all of them include the measurement ofWC for their
calculation, which is a measure of adiposity that considers the
accumulation of abdominal fat.[34] Other recent works have
shown a relationship between blood pressure and WC or related
measurements; for instance, Caminha et al[35] reported an
association between hypertension and WtHR in Brazilian
women, and Ma et al[11] found that WtHR and WC (in addition
to BMI) were associated with prehypertension in Chinese women
and men. The AURCs in the study of Ma et al[11] to evaluate the
ability of anthropometric measurements to discriminate between
normotensive and prehypertensive people were lower than those
obtained in our study.
It is possible that we obtained stronger associations with

prehypertension for accumulated fat compared with circulating
fat, as observed in the ROC analysis, because the fat accumulated
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in the body has circulated in the organism, probably representing
a chronic exposure to circulating fat, with the consequent
affection of vascular tissue.[36] Perivascular adipose tissue
(PVAT) surrounds the majority of blood vessels and releases
vasoactive mediators such as angiotensin peptides, reactive
oxygen species, chemokines, and cytokines, so it is implicated in
contraction and relaxation mechanisms[37]; however, changes in
the secretory profile of PVAT have been observed in obesity,
tilting the balance to favor a procontractile effect.[37] Addition-
ally, it is known that dyslipidemia can increase media intima
thickness affecting the contractile function of vascular endothe-
lia.[9]

Cutoff points for anthropometric indicators to identify the risk
of prehypertension have been scarcely explored: Ma et al[11]

reported cutoff points of 79.95cm in men and 76.85cm in
women, for WC; 21.84 in men and 21.47 in women, for BMI;
and 0.476 inmen and 0.494 in women forWtHR. All these cutoff
points were below those reported in our study. In fact, the World
Health Organization (WHO) highlights the importance of
considering the impact of ethnicity on the assessment of disease
risk associated with measures of abdominal obesity[15]; this
imposes the need to establish cutoff points for each specific
population. Current recommendations in our country for a
healthy WC state 80 and 90cm as cutoff values for women and
men, respectively[38]; however, these values are based on the WC
criteria established by the International Federation of Diabetes
for the assessment of metabolic syndrome in Asian popula-
tions.[39]

There are just a few studies in Mexican population regarding
cutoff values for WC and they were calculated for obesity,
diabetes, or hypertension: a study in women aged 22 to 41 years
with Mayan ancestry reported a cutoff for WC of 93cm to
identify central obesity [40]; a study in women andmen aged 20 to
65 years determined 90 and 94cm as cutoff points for
hypertension[41]; and the study by Berber et al[42] reported
85 and 90cm as cutoff values for WC in women and men,
respectively, for hypertension and diabetes. A lower cutoff point
could be expected in the case of prehypertension; in fact, we
obtained a value of 83.5cm to discriminate between normoten-
sive and prehypertensive women and 87.5 for men. Interestingly,
in our study, like in those mentioned above, close WC cutoff
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values betweenwomen andmenwere observed, with only 4cm of
difference between genders, contrarily to the 10 and 14cm
differences between men and women for the WC cutoff values
established by the International Diabetes Federation[39] and the
WHO,[15] respectively.
Regarding BMI and WtHR, their median values were

significantly higher in prehypertensive women compared to
prehypertensive men, although cutoff points for these parameters
were very similar between genders (BMI=25.07 and 25.03kg/
m2, and WtHR=0.53 and 0.52 for women and men,
respectively). The same behavior was observed in a Japanese
population with diabetes.[43] The WtHR cutoff points for the
identification of prehypertension observed in our study are in
agreement with those previously reported by Berber et al[42] in a
Mexican population to predict hypertension (0.525 and 0.535
for men and women, respectively).
Respect to the rest of indicators, to our knowledge, there are no

reports of cutoff points regarding prehypertension; although
some studies report associations between raised blood pressure
and LAP, VAI, Castelli atherogenic risk indexes, and AIP.[12–
14,42,43] The cutoff points reported here could be considered for
further validation in future studies to be used in our population to
screen for prehypertension.
In agreement with the results of this study, Wakabayashi[13]

previously reported the superiority of LAP over Castelli risk
indexes to predict hypertension in middle-aged men; we also
observed a better performance of LAP compared with Castelli
indexes, for both men and women.
The highest ORs for prehypertension associated with the cutoff

points reported here were those for IOAFi and LAP. Age and
physical activity also had a significant effect on prehypertensive
status in all the adjusted models for women. To this respect,
exercise by itself has been reported to reduce blood pressure, but
an added effect is obtained when physical activity is accompanied
with a behavioral weight loss program, also impacting body
composition.[44] Probably, this is the reason why we obtained a
significant effect of physical activity, in addition to the indicators,
on prehypertensive status.
Alcohol consumption and tobacco smoking did not signifi-

cantly affect the relationships between prehypertension and the
studied indicators. The association between smoking and/or
consuming alcohol and prehypertension has not been clearly
established,[45] thus further research on the role of these factors in
prehypertension is needed.
The subanalysis including sodium and potassium excretion as

covariates (supplementary Table 3, http://links.lww.com/MD/
C393) showed no significant effect for potassium and a
significant effect of sodium only in the logistic regression models
for VAI and Castelli risk index for men. It is worth mentioning
that when models were constructed without a fat indicator,
sodium excretion had a significant association with blood
pressure status. This is in agreement with several studies
associating elevated dietary sodium consumption and high blood
pressure.[46,47]

In relation to the prevalence of prehypertension, some studies
have evaluated it in different populations; for instance, in the Jichi
Medical School cohort, which included Japanese individuals aged
18 or more, they reported a prevalence of 34.8% and 31.8%, for
men and women, respectively.[48] A more recent study in China,
reported a larger difference between men and women, 45.0% for
men and 33.6% for women.[49] In our study, the prevalence of
prehypertension was also higher in men than in women (32% vs
15.4%).
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Although this study provides information regarding the
association between prehypertension and accumulated and
circulating fat indicators, as well as cutoff points for Mexican
people, it might have some limitations; for instance, it is a cross-
sectional study, so a causal association between fat indicators and
prehypertension cannot be assured. Also, a probabilistic random
sampling was not performed; thus, generalizability of results
might be limited. Furthermore, data on physical activity, alcohol
intake, and smoking habit relay on the study participants’ self-
report which can introduce a memory bias. Another potential
selection bias is that the study population included clinically
healthy volunteers, who could be more likely concerned about
their health; thus, even though our conclusions are consistent
with other studies,[11] they might not be extended to the general
population.
Even though the last version of the Guideline for the

Prevention, Detection, Evaluation, and Management of High
Blood Pressure in Adults of the American College of Cardiology
and the American Heart Association recommends pharmacolog-
ical treatment when SBP is ≥130mm Hg, according to our
national guidelines,[50] only life style changes are recommended
for people whose SBP is ≥120 and <140mm Hg, and it is until
SBP reaches 140mm Hg when pharmacologic strategies should
be implemented. It is important to consider that visceral adipose
tissue is related to increased risk of developing hypertension from
prehypertension[51] and that decreasing such tissue reduces the
risk.[2,52] In addition, Caminha et al[35] suggested that distribu-
tion of fat at the central level can maximize hemodynamic
changes observed in obesity. Considering that WC by itself
represents an excess of body fat in the abdomen,[53] teaching
people on how to measure their WC could be an strategy to make
them aware of the need of attending a detailed medical
examination to monitor their blood pressure, potentially
reducing the probability of developing hypertension and their
associated cardiovascular complications in the future.
In summary, the IOAFi and the LAP index are strongly

associated with prehypertension in this sample of the Mexican
Tlalpan 2020 cohort, while traditional indicators of cardiovas-
cular risk such as Castelli indexes and AIP displayed a poorer
association with prehypertension. An advantage of WC is that it
can be relatively easy to measure and does not need biochemical
determinations, so that it has the potential of being used in
routine clinical examinations and as an auto-screening measure-
ment to encourage people who exceed the proposed cutoff points
to attend a medical examination.
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