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Suppl. Material and methods 

Study population 

We enrolled 850 newly diagnosed, never-treated Caucasian hypertensive 

outpatients, 481 males and 369 females aged 50.4±13.8 years. The sample size was 

calculated by assuming that the prevalence rate of vascular sfiffness (as previously 

defined) be 5% in patients with relatively low levels (< median)  of SPh and HOMA index 

(reference group) and 3 times higher (i.e. 15%) in patients with both these biomarkers 

above the corresponding median values, thus generating an odds ratio of vascular 

stiffness of 3.3 in these patients as compared to that of the reference group. With this 

background in mind and by considering a 25% potential attrition rate,  we calculated 

that a sample size of 850 patients will provide a 95% power (beta-error=0.05) to detect 

as statistically significant (alpha-error=0.01) the hypothetized effect (that is, an odds 

ratio of 3.3). All patients underwent physical examination and review of their medical 

history. A complete anthropometrical assessment was performed with measurement of 

weight, height, and body mass index (BMI).  

All patients had a normal renal function evaluated by estimated-glomerular 

filtration rate (e-GFR) >60 mL/min/1.73 m2 and without proteinuria on the dipstick test. 

None of the patients had a history or clinical evidence of angina, myocardial infarction, 

valvular heart disease, diabetes mellitus, hypercholesterolemia, peripheral vascular 

disease, calcium-phosphorus metabolism disorders, coagulopathies, or any disease 

predisposing to vasculitis or Raynaud’s phenomenon. Other exclusion criteria were 



history of alcohol, drug abuse and use of drugs interfering with phosphorus 

concentrations. Secondary forms of hypertension were excluded by systematic testing 

according to a standard clinical protocol, which included measurement of plasma renin 

activity and aldosterone, Doppler studies of the renal arteries, and/or renal scintigraphy 

or renal angiography.  

 

Blood pressure measurements 

 Measurements of clinic blood pressure (BP) were performed in the left arm of the 

supine patients, after 5 min of quiet rest, with a mercury sphygmomanometer. Minimum 

three BP readings were considered on three separate occasions at least two weeks apart. 

Systolic and diastolic BP was registered at the first appearance (phase I) and the 

disappearance (phase V) of Korotkoff sounds. Baseline BP values were the average of 

the last two of the three consecutive recordings performed every three minutes. Patients 

with a clinic systolic BP (SBP) >140mmHg and/or diastolic BP (DBP) >90mmHg were 

considered hypertensive according to current guidelines (1).  

 

Laboratory determinations 

 All laboratory measurements were performed after a fasting period of at least 12 h. 

Plasma glucose was measured by the glucose oxidation method (Beckman Glucose 

Analyzer II; Beckman Instruments, Milan, Italy). Triglyceride, total, low- (LDL) and high-

density lipoprotein (HDL) cholesterol concentrations were assessed by enzymatic 

methods (Roche Diagnostics GmbH, Mannheim, Germany). Plasma insulin concentration 

was determined by a chemiluminescence-based assay (Roche Diagnostics).  

Insulin sensitivity was estimated by using the well validated homeostasis model 

assessment (HOMA) index, calculated considering fasting glucose and insulin 



(mmol/liter)]/22.5.  

Serum creatinine was measured by a clinical chemistry 3nalyser (Roche/Hitachi 

Modular Analytics System, P Module) using the Roche Creatinine Plus assay (Hoffman-

La Roche, Basel, Switzerland).  Renal function, measured by e-GFR, was calculated by 

using the new equation proposed by investigators in the Chronic Kidney Disease 

Epidemiology (CKD-EPI) Collaboration. 

The quantitative concentration of inorganic phosphate was measured by 

spectrophotometric determination based on the formation of ammonium 

molybdophosphate with subsequent reduction to molybdenum blue, using the 

diagnostic assay COBAS INTEGRA Phosphate 2 (Roche Diagnostics). 

 

Pulse wave reflection and central BP measurements   

All measurements were performed by the same experienced operator, using a 

well-validated system (Sphygmocor™; AtCor Medical, Sydney, Australia) that utilizes 

high-fidelity applanation tonometry (Millar) and appropriate software for the analysis of 

pressure wave (Sphygmocor™) (2,3). Pressure calibration was obtained with patient in 

supine condition, through non-invasive, automatic recording of brachial artery BP at the 

dominant arm, after 30-minute rest (Dinamap Compact T; Johnson & Johnson Medical 

Ltd, Newport, UK). BP was measured five times during 10 minutes and the mean value of 

the last three measurements was considered for the calibration. Pulse wave was 

recorded at the radial artery of the dominant arm with the wrist softly hyperextended, 

and the measurement was the average of single pressure waves recorded consecutively 

for eight seconds. Pulse wave recordings were admitted only if variation of peak and 

bottom pressures of single pressure waves was <5%. The central pressure wave was 



automatically derived from the radial pressures by a built-in generalized transfer 

function. In addition, pressure wave was also measured at the right carotid artery, 

because it is well known that central AI may be more accurate when derived from this 

vascular site. Central pulse waves were further analysed to identify the time to 

peak/shoulder of the first (T1) and second (T2) pressure wave components during 

systole. The pressure at the peak/shoulder of T1 was identified as outgoing pressure 

wave height (P1), the pressure at the peak/shoulder of T2 was identified as the reflected 

pressure wave height (P2), either absolutely or as percent of ejection duration. 

Augmentation pressure (AP) was defined as difference between P2–P1, and 

augmentation index (AI) as [AP/pulse pressure (PP)] * 100. Aortic PWV was derived 

from carotid and femoral pressure waveforms. Carotid to femoral transit time (ΔT) was 

calculated from the foot-to-foot time difference between carotid and femoral 

waveforms. The distance between the landmark of the sternal notch and femoral artery 

was used to estimate the path length between the carotid and femoral arteries (L), and 

PWV measured as L/ΔT. Carotid-femoral PWV is the gold standard for measuring aortic 

stiffness and a threshold of >10 m/s has been suggested as a conservative estimate of 

significant alterations of aortic function in hypertensive patients (1).  

 

Statistical analysis 

Baseline characteristics are reported as mean+SD for continuous variables and 

frequencies and percentages for categorical data. To test differences between males and 

females, we used the unpaired Student’s t-test for continuous variables and the chi-

square test for categorical. Linear regression analysis was performed to correlate PWV, 

AI and AP with the following covariates: age, BMI, SBP, DBP, pulse pressure (PP), LDL- 

and HDL-cholesterol, triglyceride, e-GFR, high sensitivity C reactive protein (hs-CRP), 



fasting plasma glucose and insulin, HOMA, serum calcium and phosphorus. 

Subsequently, to define the independent predictors of PWV, AI and AP, variables 

reaching statistical significance, were inserted in a stepwise multivariate linear 

regression model. Moreover, to avoid a possible colinearity, we considered only HOMA 

and not fasting glucose and insulin. 

Evaluation of the predictive discrimination of the serum phosphorus on increased 

arterial stiffness, defined by PWV>10 m/s, was made by using the receiver operating 

characteristic (ROC) curve analysis. The area under the ROC curve (AUC) was used as a 

measure of how well serum phosphorus, as a continuous variable, identifies increased 

arterial stiffness. An AUC of 1.0 indicates perfect classification of individuals with high 

risk for vascular stiffness, whereas 0.5 means that the classification is not better than 

chance. 

 Finally, a logistic forward regression analysis was performed to test the 

association between traditional CV risk factors and serum phosphorus with increased 

arterial stiffness. Phosphorus was considered both as continuous variable and as 

increasing tertiles, the model was adjusted for well-known CV risk factors (age, gender, 

smoking, BMI, SBP, DBP, e-GFR, HDL- and LDL-cholesterol).  

 The analysis of biological interaction between HOMA and serum phosphorus for 

explaining increased stiffness was performed, as previously described (4,5), by dividing 

the study population into four groups according to the median values of HOMA and 

serum phosphorus. Biological interaction (synergism) between HOMA and serum 

phosphorus was primarily defined as a deviation from additivity occurring when the 

observed odds ratio (OR) for increased vascular stiffness of patients with both high 

HOMA and high serum phosphorous was greater than that expected by summing up the 

ORs of those with high HOMA and low serum phosphorous or low HOMA and high 



serum phosphorous minus one. The interaction between HOMA and serum phosphorous 

for increased vascular stiffness was also investigated by assessing the deviation from 

multiplicative model (statistical interaction) occurring when the observed OR of 

patients with both HOMA and serum phosphorous values above the median is higher 

than the product between the OR of patients with high HOMA and low serum 

phosphorus and the OR of patients with low HOMA and high serum phosphorous. 

 Differences were assumed to be significant at P<0.05. All comparisons were 

performed using the statistical package SPSS 20.0 for Windows (SPSS Inc., Chicago, 

Illinois, USA). 

 

Suppl. Results 

Study population 

       Table 1 shows the anthropometric and biochemical characteristics of the whole study 

population and according to increasing tertiles of serum phosphorus. The mean value of 

serum phosphorus in overall population was 3.4±0.6 mg/dl and the cut-off values for each 

tertile were: I tertile 2.5-3.0 mg/dl; II tertile 3.0-3.6 mg/dl; III tertile 3.6-4.5 mg/dl. There 

were no significant differences between groups for age, gender, BMI, total, HDL- and LDL- 

cholesterol, triglyceride, e-GFR and prevalence of smokers. Significant differences were 

observed for fasting glucose (P=0.001) and insulin (P<0.0001), HOMA (P<0.0001), hs-CRP 

(P<0.0001) and serum calcium (P=0.030) that progressively increased from the first to higher 

tertile.   

 

  



Hemodynamic parameters 

Peripheral and aortic hemodynamic parameters of the whole study population 

and according to increasing tertiles of serum phosphorus are reported in table 2. In our 

study population the number of patients with increased arterial stiffness (defined as 

PWV>10 m/s) was 36. There were no significant differences among the three groups for 

heart rate, diastolic BP and c-PP. By contrast, values of systolic BP (P<0.0001), PP 

(P=0.001), c-SBP (P<0.0001), c-DBP (P=0.042), AP (P<0.0001), AI (P<0.0001) and PWV 

(P<0.0001), progressively increased from the first to higher tertile. 

 

Correlational analysis 

  A linear regression analysis was performed to test the correlation between PWV, AI 

and AP with different covariates in the whole study population (Table 3). PWV was linearly 

correlated with serum phosphorus (r=0.432, P<0.0001), fasting insulin (r=0.409, P<0.0001), 

HOMA (r=0.401, P<0.0001), hs-CRP (r=0.233, P<0.0001), SBP (r=0.219, P<0.0001), PP 

(r=0.193, P<0.0001), fasting glucose (r=0.078, P=0.011), age (r=0.076, P=0.013) and LDL-

cholesterol (r=0.071, P=0.019), while an inverse relationship was observed with HDL-

cholesterol (r=-0.124, P<0.0001) and e-GFR (r=-0.057, P=0.048).  

 In addition, AI was significantly correlated with serum phosphorus  (r=0.284, 

P<0.0001), hs-CRP (r=0.147, P<0.0001), fasting insulin (r=0.080, P=0.010), HOMA (r=0.073, 

P=0.016), LDL-cholesterol (r=0.062, P=0.036) and serum calcium (r=0.059, P=0.042), while 

HDL-cholesterol (r=-0.080, P=0.010) resulted inversely correlated.  

 Similarly, AP was significantly correlated with serum phosphorus (r=0.235, P<0.0001), 

hs-CRP (r=0.167, P<0.0001), serum calcium (r=0.077, P=0.013), fasting insulin (r=0.072, 

P=0.018), LDL-cholesterol (r=0.068, P=0.024), HOMA (r=0.062, P=0.035) and BMI (r=0.060, 



P=0.041); also, in this analysis HDL-cholesterol showed an inverse relationship (r=-0.086, 

P=0.006). 

 

Multivariate Analysis 

Variables reaching statistical significance, with the addition of smoking and gender as 

dichotomic values, were inserted in a stepwise multivariate linear regression model to 

determine the independent predictors of PWV, AI and AP (Table 4). Serum phosphorus was 

the strongest predictor of PWV, accounting for 18.6% (P<0.0001) of its variation. In addition, 

the other independent predictors were: HOMA, smoking, SBP, and hs-CRP, justifying another 

8.2%, 2.1%, 1.1% and 0.6% of its variation, respectively.  

Interestingly, serum phosphorus was also the strongest predictor of AI and AP, 

accounting for 8.0% (P<0.0001) and 5.5% (P<0.0001) of their variation, respectively. Other 

independent predictors of AI were gender and HDL-cholesterol, accounting for a further 

1.2% and 0.7% of its variation, respectively. Finally, gender, hs-CRP and HDL-cholesterol add 

another 1.1%, 1.0% and 0.6% (P=0.021) of AP variation, respectively. 

The AUC was used to evaluate the accuracy of serum phosphorus concentrations to 

identify individuals with increased arterial stiffness. The AUC for serum phosphorus was 

0.740 (P=0.010), thus showing a good accuracy to detect subclinical vascular damage. 

Finally, in the adjusted logistic regression analysis serum phosphorus levels were 

associated with the highest risk for increased arterial stiffness. In particular, the increase of 

0.1 mg/dl of serum phosphorus almost doubled the risk (OR=1.93; 95% CI=1.05-3.90). In this 

model, other variables associated with arterial stiffness were HOMA (OR=1.82; 95% CI=1.49-

2.22) and LDL-cholesterol (OR=1.14; 95% CI=1.02-1.28). Other independent predictors of 

arterial stiffness were SBP, LDL-cholesterol and HOMA (Figure 1, panel A). When in the 



model we added the tertiles of serum phosphorus, the highest tertile was associated with an 

about four-fold greater risk (OR=3.93; 95% CI=1.01-15.20).  

 

Interaction analysis  

On univariate logistic regression analysis, considering both serum phosphorus 

(OR=2.14, 95% CI=0.35-12.9; P=0.41) and HOMA (OR=3.44, 95% CI=0.69-17.2; P=0.13) values 

above the median, they were associated with an increased risk of vascular stiffness, even if it 

did not reach statistical significance. However, patients with both serum phosphorus and 

HOMA values above the median had about 17-fold greater risk of increased vascular 

stiffness (OR=16.70, 95% CI=3.91-71.60; P<0.001) in comparison with the reference group 

(serum phosphorus and HOMA values below the median) (Figure 1, panel B). The interaction 

analysis carried out by using the additive model (i.e. the preferred model for testing a 

biological interaction in aetiological studies) showed that the joint effect of increased 

serum phosphorus and HOMA index for explaining the increased stiffness was significantly 

higher than that expected in the absence of interaction under the additive model (crude 

synergy index: 4.39) indicating that the two risk biomarkers synergically interacted for 

promoting arterial damage in the study population. A biological interaction analysis carried 

by adjusting for a series of potential confounders (age, gender, BMI, HDL and LDL-

cholesterol, smoking, SBP, DBP, fasting glucose and e-GFR) confirmed the presence of a 

significant interaction between serum phosphorous and HOMA for explaining increased 

vascular stiffness in the study population because the combined and adjusted effect of both 

serum phosphorus and HOMA values above the median (OR=11.10, 95% CI=2.54-48.90; 

P=0.001) was significantly higher than that expected in the absence of interaction under the 

additive model (adjusted synergy index 5.07). Remarkably, when the interaction analysis was 



performed by using a multiplicative model, both on univariate and multivariate logistic 

regression models, the observed ORs for vascular damage in patients with both HOMA and 

phosphorus values above the median were higher than the simple product between the ORs 

in patients with only phosphorus or HOMA values above the median (observed OR=16.70, 

95% CI: 3.91-71.60 vs expected value of 2.14*3.44=7.36; P<0.0001) and (expected OR=11.10, 

95% CI: 2.54-48.90 vs expected value of: 1.57*2.62=4.11; P=0.001), respectively (Figure 1, 

panel A).   

 



Suppl. Table 1: Anthropometric and biochemical characteristics of the study population according to increasing tertiles of 

serum phosphorus. 

 

 

All I tertile II tertile III tertile P 

Variables (n=850) (n=283) (n=283) (n=284)  

Gender, M/F 481/369 172/111 151/132 158/126 0.189* 

Age, yrs 
50.4+13.8 49.8+13.9 50.6+13.1 50.9+14.1 0.614 

BMI, Kg/m2 29.8+5.9 29.8+5.8 29.7+5.5 30.1+6.2 0.765 

Fasting glucose, mg/dl 92.5 + 10.2 †‡ 90.6+9.3 93.1+10.4 93.7+10.8 0.001 

Fasting insulin, µU/ml 13.6+7.1 †‡ 11.8+6.4 13.8+6.2  15.2+8.2  <0.0001 

HOMA 3.1+1.7 †‡§ 2.7+1.5 3.2+1.5 3.6+2.1 <0.0001 

Total cholesterol, mg/dl 196.9+37.7 200.3+36.9 193.6+36.4 196.6+39.6 0.104 

HDL-cholesterol, mg/dl 50.4+13.1 51.5+12.4 50.6+13.6 49.1+13.2 0.087 

LDL-cholesterol, mg/dl 121.3+35.4 122.9+34.8 118.4+34.9 122.6+36.2 0.234 

Triglyceride, mg/dl 125.7+54.8 ‡ 129.5+56.9 122.9+52.5 124.8+54.7 0.334 

e-GFR, ml/min/1.73m2 101.6+25.1 103.1+26.4 101.6+24.3 100.2+24.6 0.396 



Fibrinogen, mg/dL 327.2+83.0 †‡ 309.9+75.4 329.6+91.1 341.9+71.8 <0.0001 

hs-CRP, mg/L 3.1+2.2 ‡§ 2.5+1.9 2.9+1.9 3.9+2.4 <0.0001 

Calcium, mg/dL 9.5+0.4 9.4+0.5 9.5+0.5 9.6+0.5 0.030 

Current smokers, n(%) 158 (18.6) 52 (18.4) 54 (19.1) 52 (18.3) 0.966 * 

*χ²  test;  † = P<0.05 Bonferroni I Vs II tertile; ‡ = P<0.05 Bonferroni I Vs III tertile; § = P<0.05 Bonferroni II Vs III tertile. 

BMI= body mass index; HOMA= homeostatic model assessment; e-GFR= estimated glomerular filtration rate; hs-CRP= high 

sensitivity C reactive protein. 

 

  



Suppl. Table 2:  Peripheral and aortic hemodynamic parameters of the study population according to increasing tertiles of 

serum phosphorus. 

 

 

All I tertile II tertile III tertile P 

Variables (n=850) (n=283) (n=283) (n=284)  

Heart rate, bts/min 69.5+10.2 72.1+18.2 72.1+10.1 72.1+9.8 0.992 

systolic BP, mmHg 145.8+13.8 ‡§ 143.7+12.7 144.9+12.6 148.8+15.5 <0.0001 

diastolic BP, mmHg 90.1+8.0 89.7+7.6 90.5+8.3 90.2+7.9 0.490 

PP, mmHg 55.7+16.1 ‡§  53.9+14.9  54.5+15.2  58.6+17.7 0.001 

c-systolicBP, mmHg 134.2+12.2‡§ 132.6+11.4 133.4+11.4 136.5+13.4 <0.0001 

c-diastolic BP, mmHg 90.8+8.4 ‡ 89.9+7.6 90.7+8.5 91.7+8.8 0.042 

c-PP, mmHg 43.4+14.1 42.6+12.8 42.6+13.6 44.8+15.9 0.104 



AP, mmHg 10.2+6.8 †‡§ 8.2+6.7 10.6+6.2 11.8+7.1 <0.0001 

AI, % 23.9+13.1 †‡§ 19.1+13.3 24.9+11.7 27.8+12.5 <0.0001 

PWV, m/s 6.7+1.8 †‡§ 5.9+1.6 6.7+1.5 7.5+1.9 <0.0001 

† = P<0.05 Bonferroni I Vs II tertile; ‡ = P<0.05 Bonferroni I Vs III tertile; § = P<0.05 Bonferroni II Vs III tertile. 

BP= blood pressure; PP= pulse pressure; c=central; AP= augmentation pressure; AI= augmentation index; PWV= pulse wave 

velocity. 

  



Suppl. Table 3: Linear regression analysis on pulse wave velocity (PWV), augmentation index (AI) and augmentation 

pressure (AP) as dependent variables in whole study population. 

 

 
PWV AI AP  

 
r P r P R P 

Age, years  0.076 0.013 0.022 0.260 0.040 0.121 

BMI, Kg/m2 0.031 0.182 0.044 0.100 0.060 0.041 

SBP, mmHg 0.219 <0.0001 0.021 0.270 0.027 0.220 

DBP, mmHg -0.010 0.385 -0.015 0.326 -0.016 0.325 

PP, mmHg 0.193 <0.0001 0.026 0.227 0.030 0.187 

HDL cholesterol, mg/dl -0.124 <0.0001 -0.080 0.010 -0.086 0.006 

LDL cholesterol, mg/dl 0.071 0.019 0.062 0.036 0.068 0.024 

Triglyceride, mg/dl 0.019 0.293 -0.055 0.055 -0.011 0.379 

e-GFR, ml/min/1.73m2 -0.057 0.048 -0.021 0.274 -0.038 0.133 

hs-CRP, mg/dl 0.233 <0.0001 0.147 <0.0001 0.167 <0.0001 

Fasting glucose, mg/dl 0.078 0.011 0.013 0.351 -0.004 0.451 



Fasting insulin,  U/ml 0.409 <0.0001 0.080 0.010 0.072 0.018 

HOMA 0.401 <0.0001 0.073 0.016 0.062 0.035 

Calcium, mg/dl 0.043 0.104 0.059 0.042 0.077 0.013 

Phosphorus, mg/dl 0.432 <0.0001 0.284 <0.0001 0.235 <0.0001 

BMI= body mass index; SBP= systolic blood pressure; DBP= diastolic blood pressure; PP= pulse pressure; e-GFR= estimated 

glomerular filtration rate; hs-CRP= high sensitivity C reactive protein; HOMA= homeostatic model assessment. 



Suppl. Table 4: Stepwise multiple regression analysis on pulse wave velocity (PWV), augmentation index (AI) and 

augmentation pressure (AP) as dependent variables in whole study population. 

 

 
PWV AI AP 

 
Partial R2 (%) P Partial R2 (%) P Partial R2 (%) P 

Phosphorus, mg/dl 18.6 <0.0001 8.0 <0.0001 5.5 <0.0001 

HOMA 8.2 <0.0001 - - - - 

Smoking, yes/no 2.1 <0.0001 - - - - 

SBP, mmHg 1.1 <0.0001 - - - - 

hs-CRP, mg/dl 0.6 0.007 - - 1.0 0.003 

Gender, m/f - - 1.2 <0.0001 1.1 0.001 

HDL cholesterol - - 0.7 0.013 0.6 0.021 

Total R2 (%) 30.0  9.2  8.2 
 

HOMA= homeostatic model assessment; SBP= systolic blood pressure; hs-CRP= high sensitivity C reactive protein 
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