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Abstract

Objective: Chronic periaortitis is thought to result from an autoallergic reaction to oxidized
low-density lipoprotein (OXLDL). No data exist on lipid profile and atherosclerotic
biomarkers. We investigated circulating levels of OXLDL and of anti-OxLDL (aOxLDL)
antibodies in patients with chronic periaortitis.
Methods: Cross-sectional case-control study on 20 patients with chronic periaortitis. Patients
were compared to 20 age- and sex-matched controls. aOXLDL antibodies were measured by
ELISA and expressed as mean optical density values at 450 nm from duplicate measurements
(ODa4sp).
Results: aOXLDL antibody titres (median [interquartile range]) did not differ significantly
between patients and controls (aOXLDL-1gM: 0.70 [0.24-1.08] vs. 0.54 [0.25-0.73] ODgysp;
aOXLDL-1gG: 0.59 [0.38-0.75] vs. 0.41[0.33-0.63]OD4s0). Female patients had higher
aOXLDL-IgM levels than male patients (1.02 [0.46-1.38] vs. 0.29 [0.22-0.84] ODysp ;
P=0.05). aOxXLDL-IgM titres were lower in patients with cardiovascular disease (CVD) than
in patients without CVD (0.22 [0.16-0.37] vs. 0.92 [0.70-1.30] ODg4s0; P=0.003) and
correlated positively with HDL-cholesterol (r = 0.47, 95%CI 0.02 to 0.69; P=0.03) and
inversely with diastolic blood pressure (r = -0.46, 95%CI -0.75 to -0.01; P=0.03) and
OxLDL/apoB ratio (r =-0.41, 95%CI -0.73 to 0.04; P=0.06). No differences or associations
were found between aOXxLDL-IgG titres and other variables between or within patients and/or
controls. In patients, OXLDL levels correlated with smoking pack-years (r = 0.58, 95%CI 0.17
to 0.81; P=0.007).

Conclusion: Data suggest a differing innate immune response to OXLDL in patients
with chronic periaortitis compared to controls. Whether this response is causally related to

chronic periaortitis development remains to be clarified.
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Introduction

The term chronic periaortitis refers to a group of rare chronic inflammatory disorders
sharing similar clinical and histopathological findings (1,2). These include idiopathic
retroperitoneal and mediastinal fibrosis, peri-aneurysmal fibrosis and inflammatory abdominal
aortic aneurysm (1,2). All show severe adventitial lymphocyte and plasma cell infiltration
with fibrosis around atherosclerotic plaques. This periaortic inflammation is found only where
advanced atherosclerosis breaches or attenuates the media, thereby allowing contact of
atheromatous material with the adventitia (1-3).

These findings led to the hypothesis that chronic periaortitis may be due to an
autoallergic reaction to a component of the atherosclerotic plaque (1-3). The possibility that
ceroid, an oxidized lipoprotein byproduct, might be antigenic was first suspected when human
immunoglobulin 1gG and to lesser extent IgM was found lo localize to ceroid in atherosclerotic
plagues from patients with chronic periaortitis (4). Subsequently, circulating autoantibodies to
ceroid and oxidized low-density lipoprotein (OxLDL) were demonstrated in patients with
chronic periaortitis but also, albeit to lesser extent, in elderly persons with minimal
atherosclerosis and in patients with ischemic heart disease (5). Ceroid and OxXLDL showed
strong cross-reactivity (5). To date, these preliminary findings have not been verified.

Although the presence of these antibodies may be an epiphenomenon of little
pathogenetic significance, the postulated pathogenesis of chronic periaortitis as being the
result of an autoallergic reaction to OXLDL has since been adopted by many investigators (6-
8). The described association with autoimmune disorders and the often observed beneficial
response to immunosupressive treatment would further fit the proposed hypothesis (9,10).

However, atherosclerosis per se is considered a chronic inflammatory process of the
arterial wall associated with systemic and local immune responses to various antigens, notably
OxLDL (11). No specific data exist on lipid profile and atherosclerotic biomarkers in patients
with chronic periaortitis. In addition, aneurysm exclusion does not always lead to regression of
periaortic fibrosis in aneurysmal chronic periaortitis (12).

We performed a case-control study comparing serum aOxLDL antibodies and lipid
profile in patients with chronic periaortitis with those in age- and sex-matched control
subjects.



Material and methods

Subjects

In a cross-sectional case-control study, 20 study patients were randomly selected from our
cohort of patients with a definite diagnosis of chronic periaortitis followed at the out-patient
department of internal medicine of the Albert Schweitzer hospital, Dordrecht. Chronic
periaortitis was diagnosed on the basis of clinicoradiological and/or histopathological criteria
and encompasses patients with idiopathic RPF and patients with peri-aneurysmal fibrosis
(‘inflammatory aneurysm’)(1,10,12,14). Median time interval since diagnosis of chronic
periaortitis was 19.5 (IQR 10-33) months. Except for 4 patients who were treated with
immunosuppressants, first-line treatment consisted of tamoxifen 20 mg two-times daily.
Study patients were compared to 20 age- and sex-matched control subjects. These were
predominantly recruited from partners (n= 18), thereby eliminating possible confounding by
environmental factors. Written informed consent was obtained from all participants. The
study was approved by the ethics committee of our institution. Information of smoking habits,
history of cardiovascular disease and use of antihypertensive and/or lipid-lowering medication
was obtained fromall subjects. Clinical examination included measurement of weight and
height for calculation of body mass index and measurement of resting arm blood pressure.
Hypertension was defined as on-going use of antihypertensive medication and/or a resting
armblood pressure of > 140 mm Hg systolic and/or > 90 mm Hg diastolic. Cardiovascular
disease was defined as established coronary vascular and/or cerebrovascular disease and/or
peripheral arterial occlusive disease requiring intervention. Life-time amount of smoking was
registered in pack-years by dividing the life-time number of cigarettes by 20 x 365. Blood
samples from patients and controls were obtained under fasting conditions and placed in
Ksethylenediaminetetra-acetate(1.8 mg/ml)-containing vials and in vials without
anticoagulant at 4°C. Serum samples were prepared from blood allowed to clot by
centrifugation, and lipids were determined freshly. Plasma samples were prepared within 30
minutes of collection, supplemented with sacharose (0.6%, w/v) to prevent formation of LDL
aggregates, and stored at -80 °C until analysis of OXLDL.

Antibodies against oxidized LDL
Circulating autoantibodies to OXLDL, differentiated by 1gG and IgM subclass, were measured
as described previously (18). Inshort, samples were incubated in wells of microtiter plates

precoated with native or oxidized LDL, and bound antibodies were detected using peroxidase-



conjugated antibodies from goat specific for human 1gG or IgM (Sigma-Aldrich, Steinheim,
Germany). The results were expressed as the mean optical density values at 450 nm from
duplicate measurements, and the antibody titer to oxidized LDL was calculated by subtracting
the binding to native LDL from the binding to oxidized LDL. With this subtraction method
the assay not only corrects for specific binding to native LDL but also for nonspecific binding
of each sample to the microtiter wells. All determinations of autoantibodies to oxidized LDL
were performed on 1 day using the same batch of native and oxidized LDL and the same

batch of reagents.

Other methods

For measurement of OXLDL we used a commercially available non-competitive ELISA
(Mercodia, Uppsala, Sweden). In this assay the immobilized monoclonal antibody 4E6
specifically captures oxidized apolipoprotein B from the sample, which is subsequently
detected with an antibody to apolipoprotein B. Intra- and interassay coefficients of variation
amounted to 6.0% and 7.0%, respectively. Total plasma apoB concentrations were determined
by immunonephelometry. Intra- and interassay coefficients of variation amounted to 2.4 and
6.0%, respectively. High-sensitivity C-reactive protein (hsCRP) was measured using a
commercially available enzyme immunoassay according to the instructions of the
manufacturer (Hyphen BioMed, Neuville-sur-Oise, France; and Dako, Glastrup, Denmark,
respectively). Intra- and interassay coefficients of variation amounted to 1.4% and to 3.8%
and to 6.0% and 9.7%, respectively. Plasma cholesterol and triglycerides were measured with
an enzymatic colorimetric assay system (Boerhinger-Mannheim automatic analyses for
Hitachi 717; Diagnostica). High-density lipoprotein (HDL)-cholesterol was measured after
lipoproteins that contained apoB were precipitated with phosphotungstate-magnesium
chloride. Low-density lipoprotein (LDL)-cholesterol was calculated using the Friedewald

formula.



Statistical analysis

Because of skewed distribution of several variables, all continuous variables were reported as
median and interquartile range (25th to 75th percentile). In addition, all analyses were done
with non-parametric tests. Differences between continuous variables were analyzed by using
Mann-Whitney test. Categorical variables were expressed as proportions and compared with
Fisher exact test. Spearman rank correlation coefficient was used to test associations between
variables. All reported P-values are two-sided. A P-value of < 0.05 was considered
significant. All statistical analyses were performed with SPSS software (version 11.0.1; SPSS
inc., Chicago, IL).



Results

Demographic and clinical characteristics of study patients and control subjects are shown in
Table 1. There were only 3 non-smokers in the patient group (15%) and 4 non-smokers (20%)
in the control group, but patients tended to have more smoking pack-years. Use of
antihypertensive medication was more frequent among study patients than among control
subjects. Otherwise, there were no significant differerences in demographic or clinical
characteristics between groups. Lipid profile and hsCRP levels of study patients and control
subjects are also shown in Table 1. Study patients had significantly lower LDL-cholesterol
levels than control subjects. As plasma apoB concentrations were similar, this probably
reflects higher VLDL levels in study patients. HSCRP levels tended to be higher in study
patients. Titres of aOXLDL-IgM and 1gG, OXLDL and ratio OxLDL/apoB of study patients
and control subjects are shown in Table 2. Titres ofaOxLDL-IgM and 1gG did not differ
significantly between study patients and control subjects. When cases and controls were
analyzed together (n = 40), aOXLDL-IgM titres were significantly higher in females than in
males (Fig 1). This difference inaOXLDL-IgM titres between females and males was
observed in the patient group as well as in the control group, albeit only statistically
significant in the patient group. Titres ofaOXLDL-1gG did not differ between males and
females in the total group nor in the subgroup of patients or control subjects (Fig 1).
Compared to male patients, female patients had higher levels of total cholesterol and HDL-
cholesterol. Otherwise, there were no significant differences between males and females in
the patient group (Table 3). In study patients, aOXLDL-1gM titres were significantly lower in
those with established cardiovascular disease compared to those without cardiovascular
disease (Fig 2). This difference could not be explained by differences in the number of males
among study patients with or without cardiovascular disease (5/8 males [62%] vs. 7/12 males
[58%]). Instudy patients, aOXLDL-IgM titres correlated inversely with diastolic blood
pressure and with the OxLDL/apoB ratio (Fig 3). aOXLDL-IgM titres in patients also
correlated positively with total cholesterol (r = 0.56, 95%CI 0.14 to 0.80; P = 0.009), LDL-
cholesterol (r = 0.64, 95%CI 0.25 to 0.85; P = 0.003) and HDL-cholesterol (Fig 3),
respectively. No correlation was found between titres of aOXLDL-IgM in patients and other
variables (data not shown). In control subjects, no correlations were found between aOXLDL-
IgM titres and other variables (data not shown). With respect to titres of aOXLDL-1gG, no
correlation with other variables was found in both the patient group and control group (data

not shown). There were no differences between study patients and control subjects in OXLDL



levels and OxLDL/apoB ratio (Table 2). Circulating plasma OXLDL levels correlated
significantly with total cholesterol, LDL-cholesterol and apoB levels in both the patient group
and the control group (data not shown). In study patients but not in control subjects, plasma
OXLDL concentrations correlated negatively with age (Spearmanr = -0.62 [95%CI -0.84 to
-0.24]; P < 0.01) and positively with smoking pack-years (Spearmanr = 0.58 (95%CI 0.17 to
0.81]; P <0.01).



Discussion

This study was undertaken to evaluate the role of aOxLDL antibodies in patients with chronic
periaortitis and to distinguish them from age- and sex-matched controls. Chronic periaortitis
typically occurs in patients at increased cardiovascular risk (19). Inaddition, aOXLDL
antibodies are prevalent among patients with atherosclerotic vascular disease (15-17). Except
for a tendency of more smoking pack-years and higher hs-CRP levels, patients and controls
were comparable in terms of cardiovascular risk. We observed no significant differences in
aOxLDL IgG or IgM antibody levels between patients and controls.

Parums et al found aOXLDL antibodies, undifferentiated by subclass 1gG or IgM, to be
more frequently present in patients with chronic periaortitis compared to elderly ‘controls’ (ie.,
subjects without chronic periaortitis and only minimal atherosclerosis) and compared to patients
with angina pectoris (5). Data were not adjusted for age and sex. Indeed, elderly ‘controls’ were
older (mean age 66.7 y vs. 62.7 y) and more often of female sex (40% vs. 15%). aOXLDL
antibody levels are inversely proportional to aging of people (23). Moreover, aOxLDL
antibodies in elderly individuals were determined in stored serum samples obtained before
death. It may be that age of serum samples and storage conditions influence aOXLDL antibody
levels. All these factors may have biased results. In addition, complete absence of clinical and
laboratory data, including medication use, in this study makes direct comparison of patients and
‘controls’ difficult (5).

The frequent presence of aOXLDL antibodies in subjects without chronic periaortitis in
Parum’s study and the non-significant difference in aOXLDL antibody titres between study
patients and controls may suggest that antigenic exposure with subsequent formation of
aOxLDL antibodies is common, whereas clinical periaortitis disease is rare. This may reflect
inter-individual differences in response to this antigenic stimulus, or that antibody formation is
no more than an epiphenomenon seen in patients with (subclinical) atherosclerosis of no clinical
significance. Of note, most patients with chronic periaortitis in our study were (being) treated
with tamoxifen. Tamoxifen is associated with beneficial effects on lipid profile, C-reactive
protein levels and on atherosclerotic lesions (20-22), and as such, may reduce aOXLDL
antibody levels. Although one can not exclude the possibility that a significant difference in
aOxLDL antibody titres between patients and controls is masked by such mechanisms, no data
exist substantiating this possible confounding effect.

Many studies have been conducted to understand the relevance of aOXLDL antibodies in

atherosclerotic vascular disease, but its clinical significance is not clear (17-19). aOxLDL



antibodies are also present in various chronic inflammatory and auto-immune disorders such
as systemic lupus erythematosus, gout, rheumatoid arthritis and Behcet’s disease as well as in
other conditions such as diabetes mellitus and pre-eclampsia (17-19,24-26). One thing they
have in common is that all these diseases are thought to be prone for atherosclerosis
development (17-19). The same holds true for patients with chronic periaortitis (1,2,16).

IgM and 1gG antibodies to OXLDL may play a different part in the pathogenesis of
atherosclerotic vascular disease, with aOxLDL-IgM having a protective role whereas aOXLDL-
IgG enhances plaque formation (17,18,27). aOxLDL antibody level may decline over the years,
thereby possibly explaning the higher incidence of cardiovascular disease at older age (23). In
hypertensive subjects, highaOxLDL-IgM levels predicted a favorable outcome in the
development of carotid atherosclerosis (28). In women, low aOXLDL-IgM titres were
associated with the presence of diabetes mellitus and/or myocardial infarction (27). Low
aOXxLDL-IgM titres were associated with the presence of established CVD in our patients.
These findings might further suggest a protective role of aOxLDL-IgM. Increased consumption
of aOXLDL-IgM in advancing atherosclerosis may be an alternative explanation (29).
Interestingly, patients with low aOxLDL-IgM titres tended to have a high diastolic blood
pressure, low HDL-cholesterol level and high OxLDL/apoB ratio. A higher OxLDL/apoB ratio
indicates increased oxidative stress in the vascular wall (30,31). All these factors may contribute
to the increased risk of CVD in patients with low aOxLDL-IgM.

As we tested sera from patients with stable chronic periaortitis, aOxLDL antibody
titres reflect basal values. This may account for the noted associations. In various states of
active vascular inflammation, aOxLDL antibody titres may be temporarily reduced or
increased and can therefore not be used to ascertain basal values (17-19,24,25,32). HoweVer,
it is remarkable that aOXLDL-1gM but not aOXLDL-1gG antibody titres were associated with
several other cardiovascular variables in our study. Contrary to aOXLDL-1gG, aOXLDL-IgM
is probably largely confined to the intravascular compartment (17). Therefore, one might
speculate that these serum levels are of more clinical relevance than serum levels of aOXLDL-
IgG, which is in large part confined to the vascular wall (4,17).

As in other studies (27,28), females tended to have higher aOXLDL-IgM titres than
males in our study. A possible explanation is that postmenopausal women have lower estrogen
levels, which may lead to uninhibited oxidation of LDL (34,35). The risk of a primary immune
response increases with the formation of aOxLDL antibodies. Postmenopausal hormone
replacement therapy may (33) or may not reduce aOXLDL levels (34,36). However, none of our

female patients or controls used hormonal replacement therapy.

10



Circulating OXLDL was not associated with aOXLDL-IgG or IgM antibody titres.
Consistent with the literature (17-19,30,37,38), OXLDL levels were positively associated with
total cholesterol, LDL-cholesterol and apoB levels in patients and controls. Smoking was not
associated with aOXLDL antibody titres in this and other studies (39,40). However, smoking
was positively correlated with OXLDL levels in patients but not in controls. Others also noted
no correlation between OXLDL levels and smoking in clinically healthy, middle-aged men
from the general population (37). Smoking is a well-known risk factor for atherosclerotic
aortic aneurysm, and an even stronger risk factor for the inflammatory variant (9,39). We
recently observed an independent association between smoking and infrarenal aortic diameter
in patients with chronic periaortitis (19). Cessation of smoking should therefore be strongly
encouraged in all cases of chronic periaortitis, irrespective of the presence of aneurysmal
dilation.

The exact pathway by which chronic periaortitis occurs remains unknown. Although it
seems clear that not aneurysm formation per se but advanced atherosclerosis is the prerequisite
for development of typical chronic periaortitis, it remains an enigma why so few patients with
advanced atherosclerosis develop this chronic fibrotic inflammatory disorder. Indeed, only 5%
of atherosclerotic abdominal aortic aneurysms are of the inflammatory variant (12, 39).
Deranged immunological self-tolerance, possibly by genetic predisposition, may play a role
(8,10,16). An association between chronic periaortitis and HLA-DRB1*03, an allele linked to
several autoimmune conditions, was recently noted (42). This might explain the simultaneous
occurrence ofautoimmune disorders (e.g., lupus erythematosus, Wegener’s granulomatotis,
polymyalgia rheumatica) in some patients with chronic periaortitis (9,10,16) and the often
observed beneficial response to immunosuppressive treatment (13). One might speculate that in
predisposed patients, an exaggerated and persistent inflammatory response with subsequent
development of chronic periaortitis results from the same stimuliand mechanisms that are
involved in atherosclerosis development per se. In addition, as this disorder may occur in
patients without atherosclerosis, chronic periaortitis as a primary autoimmune disease should
also be considered (10).

Our study also has limitations. As sample size was rather small, our study may not have
enough power to detect significant differences. However, given the low annual incidence of
chronic periaortitis of 1.3 per 100.000 (16), it will be difficult to recruit a large number of
patients. As noted, the cross-sectional nature of our study may have influenced results as some

patients were still receiving tamoxifen. Unfortunately, we did not have serum samples of study
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patients before the start of treatment for chronic periaortitis to determine sequential aOxLDL
antibody titres before and during treatment.

In conclusion, this first case-control study showed no significant difference inaOxLDL
antibody titres between patients with stable chronic periaortitis and control subjects. However,
distinctive differences and associations of aOXLDL-IgM antibodies and of circulating OxLDL
levels were observed within the study but not within the control group. Data suggest a differing
innate immune response to OXLDL in patients with chronic periaortitis compared to controls.
Whether this response is causally related to chronic periaortitis development remains to be

clarified.
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Legends to the figures

Figure 1:

aOxLDL antibody titres, differentiated by subclass 1gM and 1gG, according to sex in the

overall group, patients and controls. Female patients had higher aOXLDL titres than male

patients. A similar trend, albeit not significant, was seen for aOxLDL-IgM in the control

group.

Figure 2:

aOxLDL-IgM titres in study patients with established cardiovascular disease (CVD) and in

study patients with no established CVD. aOXLDL-IgM titres were significantly lower in

patients with established CVD.

Figure 3:

aOxLDL-IgM titres in study patients were inversely correlated with diastolic blood pressure

(Spearman r = -0.46, 95%CI -0.75 to -0.01) and ratio OxLDL/apoB (Spearmanr = -0.41,
95%CI -0.73 to 0.04), and positively correlated with HDL-cholesterol levels (Spearman r =
0.47, 95%Cl1 0.02 to 0.69). Lines depict regression line of y on x and 95% confidence

intervals for regression line.

Table 1. Demographics, Clinical Characteristics, Lipid Profile and High-Sensitivity C-

reactive

Protein Level of Study Patients and Control Subjects.

Variable Patients Controls P-value
n=20 n=20

Age (years) 61 (53 -71) 59 (53 - 69) 0.59
Male sex, n (%) 11 (55) 10 (50) 0.79
BMI (kg/n) 27.5 (23.8 — 28.9) 26.2 (23.2 - 30.8) 0.96
Smoking pack-years (years) 27.3 (14.6 - 39.5) 16.2 (3.05 - 26.5) 0.12
Systolic BP (mm Hg) 140 (125 — 153) 146 (134 — 156) 0.25
Diastolic BP (mm Hg) 81 (74 — 86) 85 (80 —91) 0.08
CVD*, n (%) 8 (40) 5 (25) 0.41
Diabetes mellitus, n (%) 4 (20) 3 (15) 0.78
Patients using antihypertensive 15 (75) 8 (40) 0.06
agents, n (%)

Patients using statins, n (%) 8 (40) 5 (25) 0.35
Total cholesterol (mmol/L) 5.2(4.4-5.8) 5.6 (4.7-6.4) 0.12
Triglycerides (mmol/L) 1.8(1.3-24) 1.7(1.2-1.9) 0.29
HDL-cholesterol (mmol/L) 1.2(0.9-1.4) 1.3(1.1-15) 0.19
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LDL-cholesterol (mmol/L) 2.7 (1.9-3.7) 3.7(2.7-4.2) 0.02
Apolipoprotein B (mg/L) 969 (775 — 1108) 1013 (863 — 1164) 0.30
hsCRP (mg/L) 52(1.4-11.0) 24(1.0-6.9) 0.20

Values are median and interquartile range or number and percentage, where appropriate.
Abbreviations: BMI, body mass index; BP, blood pressure; CVD, cardiovascular disease.
*: Defined as established coronary vascular, cerebrovascular or peripheral vascular disease,
requiring intervention.
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Table 2. Levels of aOxLDL antibodies, OxLDL and Ratio OxLDL/apoB in Study

Patients and Control Subjects.

Ig Class Patients Controls P-value
n=20 n=20
aOXLDL (ODg4sp) IgM 0.70 (0.24-1.08) 0.54 (0.25-0.73) 0.31
19G 0.59 (0.38-0.75) 0.41 (0.33—-0.64) 0.23
OxLDL (U/L) 62.0 (51.9-66.0) 65.5(54.6 —80.4) 0.15
Ratio OxLDL/apoB 0.06 (0.05-0.07) 0.06 (0.06 —07) 0.90

Values are median and interquartile range.
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Table 3. Characteristics of Male and Fe male Patients with Chronic Periaortitis.

Variable Study Patients P-value

Males Females

n=11 n=9
Age (years) 60 (52 - 73) 63 (55-72) 0.81
BMI (kg/n) 28.7 (24.2-30.9) 24.2(22.4-28.2) 0.07
Smoking pack-years (years) 26.5 (15.0-40.0) 31.5(5.4-40.8) 1.0
Systolic BP (mm Hg) 127 (116 — 156) 144 (134 — 151) 0.21
Diastolic BP (mm Hg) 80 (72 — 85) 81 (75— 86) 0.84
Total cholesterol (mmol/L) 4.4 (3.4 -5.5) 5.7(5.0-6.2) 0.01
Triglycerides (mmol/L) 2.0(1.0-25) 1.7(1.5-23) 0.79
HDL-cholesterol (mmol/L) 1.1 (0.82 - 1.3) 1.4(1.2-1.6) 0.03
LDL-cholesterol (mmol/L) 2.3 (1.8-3.7) 3.4(2.7-3.7) 0.11
Apolipoprotein B (mg/L) 929 (659 — 1053) 1002 (828 —1210) 0.12
hsCRP (mg/L) 44 (1.2-11.0) 6.0 (1.5-27.0) 0.59
OxLDL (U/L) 62.0 (46.8 -66.8) 60.4 (53.4 —69.8) 0.64
Ratio OxLDL/apoB 0.06 (0.06 —0.07) 0.06 (0.05-0.07) 0.63

Values are median and interquartile range.
Abbreviations: BMI, body mass index; BP, blood pressure.
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