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Abstract. Accelerated atherosclerosis and cardiovascular diseases are frequent complications in 

hypertensive patients with chronic kidney disease (CKD), being mainly driven by cardiovascular risk 

factors as lipid disorders and an unfavorable blood pressure profile. The objectives of the study were 

to evaluate the lipid profile and to assess the characteristics of blood pressure (BP) in patients with 

primary arterial hypertension associating chronic kidney disease (CKD) in a primary care population 

in Timis County, Romania. Lipid disorders were highly prevalent in hypertensive patients with CKD, 

consisting in hyper LDL-cholesterolemia in 50.3%, hypertriglyceridemia in 52%, low HDL-cholesterol 

levels in 35.8%. More than 2 lipid abnormalities were present in 68.8% of CKD hypertensive. CKD 

hypertensive patients, compared with those without CKD, presented a BP profile with higher systolic 

and diastolic office BP. On ambulatory blood pressure monitoring they also registred higher systolic 

and diastolic BP, the  systolic BP (SBP), both for 24 h SBP, day-time and night-time SBP being 

statistically significant higher than in hypertensive patients without CKD. The circadian 24 h BP 

profile demonstrated in the CKD hypertensive population an unfavourable nocturnal profile in 67%, 

consisting of a high prevalence of the non-dipping profile and of nocturnal riser pattern. 
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1.Introduction 
The prevalence of CKD (Chronic Kidney Disease) mediated by hypertension demonstrates a rising 

tendency worldwide and in Romania. As many studies have demonstrated, hypertension associating 

CKD carries out major risks for the development of accelerated atherosclerosis, cardiovascular, 

cerebral and renal complications and of a worse prognosis. Studies have demonstrated that high levels 

of blood pressure (BP) are positively and significantly related to the decline of the kidney function 

among the hypertensive population. Blood pressure is a highly dynamic parameter, showing circadian 

variations determined by physiological, neuroendocrine and environmental factors [1]. In the absence 

of complete and careful assessment of the entire 24 h, daytime and night-time BP pattern with 

ambulatory blood pressure monitoring (ABPM), the diagnosis of hypertension in CKD patients can be 

inaccurate and sometime missed. 

In Romanian primary care units, the diagnosis of hypertension is mainly based on office BP 

measurements, completed by home blood pressure monitoring and only rarely evaluated with ABPM. 

During the last years, ABPM has become increasingly more used in primary care units in Timis 

County, as studies have demonstrated that it provides more reliable and reproducible information about 

BP, being more closely related to target organ damage, cardiovascular (CV) events and prognosis.  
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Alterations of the 24-h BP profile, such as a blunted sleep-time decline, increased night-time BP, 

short and long-time high BP variability or postprandial hypotension, reflect an altered cardiovascular 

BP regulation and predict a high prevalence of hypertension-mediated organ damage and future CV 

events [2-3]. In our country, important epidemiological studies regarding prevalence, risk factors and 

characteristics of essential hypertension in the general population are the SEPHAR I-III Surveys [4-5]. 

These trials did not include ABPM, so there is a lack of information about the 24 h BP profile of the 

Romanian hypertensive population but, based on office measurements, they demonstrated that 44% of 

the Romanian adult population presents hypertension, multiple cardiovascular risk factors and 83% 

have different forms of dyslipidaemia.  

Accelerated atherosclerosis and cardiovascular disease are the main causes of death in patients with 

chronic kidney disease (CKD). Atherosclerosis, cardiovascular diseases and other complications of 

CKD are also driven by lipid disorders, oxidative stress and inflammation [6]. Patients with mild to 

moderate CKD exhibit frequently hypercholesterolemia, elevated low-density lipoprotein (LDL), 

elevated serum triglycerides and very low-density lipoprotein (VLDL) levels. An impaired clearance 

of VLDL, chylomicrons and their atherogenic remnants is noticed in the CKD hypertensive population 

[7-8]. The reduction in serum apoA-1 and that of high-density lipoprotein (HDL) cholesterol 

concentration, impaired HDL maturation and defective HDL antioxidant, anti-inflammatory and 

reverse cholesterol transport capacities met in CKD patients have an important role in accelerating 

atherosclerosis [9]. We noticed that there is a lack of study data regarding the BP and lipid profile of 

hypertensive patients with CKD in the western part of Romania. 

The objectives of the present study were to assess the lipid profile and the 24h BP profile of a 

hypertensive population associating CKD, evaluated in primary care conditions in Timis County, 

Romania. 

 

2. Materials and methods 
This is an observational cross-sectional study of a database of hypertensive patients from fourteen 

primary care offices of Timis County, Romania, done between February 2017 and December 2019. 

The selection of the subjects was made by the general practitioners (GPs) who participated in this 

study. Inclusion criteria were adults over 18 years, diagnosed with recent or old essential arterial 

hypertension. Exclusion criteria were secondary hypertension, febrile illness, mental illness, gestation 

and acute myocardial infarction. A number of 1214 hypertensive patients were evaluated during this 

period in primary care offices of Timis County, who were included in this study. A part of the 

participants did not complete the study, in the final analysis being included 984 (81.06%) hypertensive 

patients, who had completed data. Of these, 131 cases (13.32%) were diagnosed with CKD mediated 

by hypertension. In conformity with the World Medical Association Declaration of Helsinki, at the 

beginning of the study all participants signed a written informed consent. Blood pressure 

measurements were done during the first visit according to the ESC/ESH Hypertension Guidelines [1]. 

Validated and calibrated BP measuring devices (OMRON HEM 7251G) were used for office BP 

measurement and BTL 04 monitors for ABPM. Office readings were obtained by applying careful and 

standardized measurement techniques, being performed with the patient in a seated position, after at 

least 5 min of rest and more than 30 min apart from smoking or drinking coffee, with the back 

supported, legs uncrossed, with the cuff positioned at the heart level and adapted to the arm 

circumference. Two BP measurements were taken spaced 2 min apart and considered the average, if 

appropriate. If BP values were quite different, repeated measurements were done. The second visit of 

the study participants at the office took place two weeks apart from the first visit, when BP 

measurements were repeted and ABPM, laboratory investigations and referrals to specialists were 

performed.  

The laboratory analyses included total cholesterol (TC), low density lipoprotein cholesterol (LDL-

c), high density lipoprotein cholesterol (HDL-c), triglycerides (TG), fasting plasma glucose (FPG), 

HbA1c, uric acid, creatinine, estimated glomerular filtration rate (eGFR). The laboratory tests were 
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performed in conformity with the standardized procedures by the Synevo Laboratories. The diagnosis 

of dyslipidaemia was based on the following profile (or on treatment): total cholesterol >200 mg/dL or 

LDL-cholesterol >115 mg/dL or HDL-cholesterol <40 mg/dL for men, <46 mg/dL for women and 

triglycerides >150 mg/dL.  

The general practitioners conducted personally both office BP measurement and ABPM. Day and 

night-time periods were defined according to the patients' self-reported data of going to bed and 

walking up. ABPM was performed on a working day, including BP readings every 20 min during 

daytime and every 30 min during night-time. In this study, it was accepted by the authors as 

satisfactory: 24h ABPM with ≥ 70% accurate readings, with minimum 20 measurements during 

daytime and 7 during night-time. The office BP level used for the definition of HT was ≥ 140/90 mm 

Hg. On ABPM, the level for the definition of hypertension was: 24-h BP ≥ 130/80 mmHg, day-time 

BP ≥ 135/85 mmHg and/or night-time BP ≥ 120/70 mm Hg [6-8]. Sustained HT was established when 

BP was over the cut-off values both with office BP measurements and ABPM. Isolated nocturnal 

hypertension was defined by increased absolute levels of night-time BP ≥120/70 mm Hg and by 

normal daytime BP (˂ 135/85 mm Hg). "White-coat" hypertension was defined by elevated OBPM (≥ 

140/90 mmHg) with normal daytime ABPM (˂135/85 mmHg) [1]. The nocturnal BP pattern included 

the normal dipping pattern (conferring the best prognosis) or one of the three abnormal BP pattern 

(non-dipping, riser and extreme dipping). The normal dipping pattern (dipper) was represented by 

nocturnal BP fall of systolic BP (SBP) > 10% till to 20% of the daytime SBP, or the night/day BP ratio 

˂ 0.9 and ˃0.8. For the non-dipping pattern, the nocturnal SBP fall was ˂ 10% till to 1% of the 

daytime SBP, or the night/day ratio ˃ 0.9. In the riser pattern (having the worst prognosis) night/day 

BP ratio was ≥1, with the night-time SBP values being over the daytime SBP [9]. 

The statistical analyses were performed using SPSS version 12.0. Data were presented as 

frequencies and percentages for qualitative variables and as mean ± SD for quantitative variables. 

Differences between groups were assessed with the Pearson χ2 formula for percentages and the Student 

t test for mean values. To determine the correlations between hypertension and other risk factors, the 

logistic regression analysis was used. The independent variables with p <0.05 were considered as 

having statistical significance. Odds ratios with 95% confidence interval (CI) were calculated. 

 

3.Results and discussions 
The mean age of the hypertensive population with CKD was 62.1±12.5 years, being higher than of 

the total hypertensive population (49.45 ± 18.28 years), OR = 1.151, 95% CI = 1.112–1.194, p <0.001, 

demonstrating that older ages are more frequently associated with the decline of the renal function and 

the development of CKD. Of the 131 hypertensive with CKD, a number of 78 (59.5%) were female 

and 53 (40.5%) were men, p<0.01, OR 1.5, 95% CI =1.39-1.82. The mean duration of hypertension 

with CKD was 6.45 ± 3.47 years (95% CI=5.84 – 7.06), compared with a shorter mean HT duration in 

hypertension without CKD of 6.14 ± 3.51 years (95% CI 5.54 – 7.74). Significant differences were 

related to BMI, when comparing hypertension with and without CKD: 30.82 ± 6.53 kg/m2 (95% CI 

29.68 – 31.96) vs. 28.75 ± 5.45 kg/m2 (95% CI 27.81 - 29.69). The prevalence of early CKD stages 

(stage 1 and 2) was 26.76%. Most hypertensive patients with CKD presented a reduced GFR between 

59-30 ml/min/173 m2, belonging to stage 3 moderate CKD (72.52%). Significant differences between 

the study groups were noticed regarding a higher prevalence in the CKD group of high glycemia, 

presence of diabetes mellitus (26.4% vs 21.85%), sedentary lifestyle (48.8% vs 45%) and family 

history of premature CVD (31% vs 19.53%). 

The analysis of office BP measurements revealed differences in hypertension with CKD compared 

with patients without CKD. In both groups, with and without CKD, office BP measurements were 

higher than those obtained with ABPM, both for systolic and diastolic BP. In the hypertension group 

with CKD, the 24 h systolic BP on ABPM was with nearly 10 mm Hg lower than office systolic BP. 

Systolic BP was greater in CKD measured both with office BP and on ABPM, including all 

parameters: office SBP (152.39 ± 11.41 mm Hg vs. 146.72 ± 10.44 mm Hg), 24 h SPB, daytime SBP 
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Figure 1. Office and 

ABPM systolic and 

diastolic BP in 

hypertension with and 

without CKD 

Figure 2. Types of 

hypertension diagnosed 

with ambulatory blood 

pressure monitoring in 

chronic kidney disease 

and night-time SPB. Office DBP was also more elevated in CKD (87.39 ± 6.93 mm Hg vs. 86.16 ± 

7.93 mm Hg in without CKD group), but this difference did not reach statistical significance (Table 1). 

 

Table 1. Office BP measurements and with ABPM in hypertensive patients with and without CKD 

BP measurements 

mm Hg 

 

Hypertension with CKD 

 

Hypertension without CKD  

p 
Mean 95% CI Mean 95% CI 

Office SBP 152.39 ± 11.41 150.39 - 154.39 146.72± 10.44 144.92 - 148.52 <0.05 

Office DBP 87.39± 6.93 85.17 - 87.61 86.16± 7.93 85.59 - 88.33 p=0.8 

Daytime SBP 146.53± 11.66 137.48 - 146.58 139.27± 8.62 132.78 - 139.76 <0.05 

Daytime DBP 86.81± 5.76 79.8 - 86.82 83.24± 6.29 82.16 - 84.32 0.06 

Night-time SBP 139.65± 12.36 127.48 - 139.82 125.09± 9.2 119.50 - 126.68 <0.01 

Night-time DBP 79.91± 5.81 69.89 - 80.93 75.49± 6.93 71.29 - 75.69 <0.05 

24 h SBP 142.59± 10.83 132.69 - 142.49 132.68± 7.58 126.37 - 133.99 <0.05 

24 h DBP 83.90± 5.4 74.95 - 84.85 77.8± 5.98 76.60 - 79.00 <0.05 

Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; CI, confidence interval; ABPM, 

mbulatory blood pressure monitoring. 

 

Hypertensive patients with CKD presented higher ambulatory SBP in all ABPM periods (24h, 

daytime and night-time) compared with hypertensive patients without CKD. The greatest difference 

regarding ABPM data between the two groups was concerning night-time systolic BP (139.65 ± 12.36 

mm Hg vs. 125.09 ± 9.2 mm Hg, p ˂0.05). Regarding 24 h DBP, this was with 4 mm Hg lower than 

office DBP in CKD hypertensive patients and with 9 mm Hg lower in the hypertensive group without 

CKD, p˃0.01, as presented in Figure 1. ABPM dertected the following hypertension types: sustained 

hpertension, masked hypertension, nocturnal, "white coat" and resistant hypertension, as presented in 

Figure 2. 
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According to the office BP values, the control rate in hypertensive patients with CKD at the second 

visit was 24% (with BP targets of ˂140/90 mm Hg) and 35% at the third visit. The control rate with 24 

h ABPM was better than with office BP measurements. The night-time BP control was worse in 

hypertensive patients with CKD compared with hypertension without CKD (21.77% vs. 32.03%), 

p˃0.05.  

"White-coat" hypertension (WCHT) was detected in 14 cases with CKD and in 15 cases without 

CKD. WCHT presented an appropriate prevalence in both hypertensive groups, with and without CKD 

(10.69% vs 10.57%). Mean office BP were higher in WCHT with CKD, compared with WCHT 

without CKD, both for SBP (155 ± 8.00 mm Hg vs.150.77 ± 5.27 mm Hg, p˂0.05) and for DBP (95.52 

± 4.95 mm Hg vs. 92.55 ± 5.27 mm Hg), as presented in Table 2. Exemplifications of ABPM 

representations of BP in hypertensive patients with CKD are presented in Figures 3-4. 

 

Table 2. Office blood pressure and ABPM measurements in "white-coat" hypertension 

BP values in WCHT WCHT with CKD WCHT without CKD p value 

Office SBP 155 ± 8.00 150.77 ± 5.27 <0.05 

Office DBP 95.52 ± 4.95 92.55 ± 3.83 <0.05 

Daytime SBP 129.88 ± 3.62 127.77 ± 3.97 <0.05 

Daytime DBP 79.82 ± 3.5 78.88 ± 4.02 <0.05 

Night-time SBP 115.64 ± 2.80 111 ± 5.39 <0.01 

Night-time DBP 62.76 ± 2.25 64.94 ± 3.03 <0.05 

24h SBP 122.76 ± 2.82 120.38 ± 3.26 <0.05 

24h DBP 72.29 ± 2.41 71.91 ± 2.93 <0.05 

Prevalence of WCHT 10.69% 10.57% NS 

   Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; WCHT, white coat hypertension. 

 

 

 
Figure 3. ABPM in systolic hypertension with CKD 

 

 
Figure 4. ABPM in nocturnal hypertension with CKD 

 

The abnormal circadian BP pattern detected in CKD patients were the following: (1)  reduced 

dipper pattern (28.22% vs. 44.53%, p ˂0.001); (2) high non-dipper pattern (47.58% vs. 39.06%), p 

<0.05; (3) high riser pattern (19.37% vs. 9.38%), p<0.001 and (4) reduced extreme dipper (4.83% vs. 

7.03%) p <0.001, as presented in Figures 5 and 6.  
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Figure 6. Circadian BP 

pattern in hypertensive 

patients without chronic 

kidney disease 

Figure 5. Circadian BP 

pattern in hypertensive 

patients with chronic 

kidney disease 

  
 

   
 

The hypertension group with CKD included more non-dippers (47.5% vs 39.06%), the greatest 

differences between groups were concerning a double higher incidence of the riser pattern (19.35% in 

CKD group vs. 9.38% in hypertension without CKD), p˂0.05. Hypertensive patients with CKD 

presented the worst circadian BP pattern, as the prevalence of non-dipper and riser pattern was great, 

respectively 66.95%, compared with 48.44% in the hypertension group without CKD. The ABPM 

study detected in hypertensive subjects with CKD a great prevalence of high systolic BP and 

alterations of the circadian BP, which are linked in the literature with the very high CV risk of 

hypertension with CKD.  

The dysregulation of the lipid metabolism met in hypertensive patients with CKD contributes to the 

pathogenesis of cardiovascular disease and adverse consequences of the CKD population. In the study, 

serum total cholesterol, triglycerides and LDL cholesterol concentrations were significantly higher in 

hypertensive patients with CKD and HDL-cholesterol levels lower, than in hypertensive without CKD.  

Comparison of hypertensive with CKD versus hypertensive without CKD revealed the following 

lipid profile data: high LDL-cholesterol in 52% vs 45.5%, high triglycerides in 50.3% vs 31.6% and 

low HDL cholesterol in 35.8% vs 30%, p<0.05 for all comparisons, as presented in Figure 7. 

In the hypertensive patients with CKD the total cholesterol significantly increased with age, 

overweight and more in males than females. TG were slightly more elevated in males than females. 

There was a significant association between low serum HDL cholesterol, elevated triglycerides and 

obesity in hypertension with CKD. 

In the hypertension group with CKD, compared with hypertension without CKD, mean LDL 

cholesterol values and that of triglycerides were higher and HDL cholesterol was lower, the 

differences being statistically significant, as presented in Table 3.  
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Figure 7.  Lipid 

profile in hypertension 

with and without CKD 

Figure 8.  Number of lipid 

abnormalities in 

hypertension with and 

without CKD 

  
 

  
  

Table 3. Lipid values in hypertension without and with CKD 
Variables ±SD Hypertension 

without CKD (nr=142) 

Hypertension 

with CKD (nr=131) 
 

p 

Total cholesterol 225 ± 53 235 ± 55 0.04 

LDL cholesterol, mean ± SD, mg/dL 124 ± 33 129 ± 35 0.04 

HDL cholesterol, mean ± SD, mg/dL 46 ± 17 40 ± 18 mg/dL 0.04 

Triglycerides, mg/dL 129±95 141±98.8 0.03 

eGFR, ml/min/1.73 m2 70±8 58±12 0.01 

ACR, mg/g 14±6 138±24 0.001 

     Abbreviations: eGFR, estimated glomerular filtration rate; ACR, albumin to creatinine ratio 

 

Regarding the prevalence of various serum lipid abnormalities in hypertension with CKD 

compared with hypertension without CKD, no lipid abnormalities were met in 17 cases (12.9%) vs 29 

cases (20.4%). One lipid disorder was present in 24 cases (18.3%) of CKD patients’ vs 37 cases (26%) 

in hypertension without CKD and ≥2 lipid disorders were present in 90 patients with CKD (68.8%) vs 

76 cases (53.6%) in hypertension without CKD, as presented in Figure 8. The coexistence of 

hypertension and dyslipidemia was more frequently met in hypertension with CKD, presenting 

multidimensional clinical implications. The combination enhanced the cardiovascular risk, being also 

associated to obesity and consequent insulin resistance, which play major roles in the pathogenesis of 

both hypertension and dyslipidemia.  

In our study, hypertensive patients with CKD, compared with hypertensive subjects without CKD, 

presented higher office SBP and ambulatory SBP during day and night-time and a lack of BP control, 

especially during the night-time [10-11]. Analysis of the circadian pattern in hypertension with CKD, 

compared to hypertension without CKD, indicated the prevalence of an unfavourable non-dipping 

pattern in 66.9%. Studies have demonstrated that the inadequate BP control in these patients is 
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associated with a greater incidence of target organ damage and of cardiovascular diseases [12-14]. 

Similar data concerning the circadian pattern were found by Gorostidi et al. on the database of the 

Spanish Hypertension ABPM Registry [2, 14]. The high prevalence of a non-dipper pattern was also 

influenced by the presence of diabetes, advanced age and association of other risk factors as 

dyslipidaemia. The elevated BP levels and the absence of the physiological nocturnal BP dipping has 

high predictive values for organ damage and worse prognosis [15]. Many trials confirm the 

observation that the control rate of hypertensive patients with CKD is worst during night and better 

during daytime [16-17]. Uncontrolled night-time hypertension can partially be explained by vascular 

hypertrophy and atherosclerosis secondary to hypertension, and by the fact that some administrated 

drugs do not assure a complete 24-h coverage. A blunted night-time BP decline may also reflect an 

autonomic dysfunction. It is considered that nocturnal hypertension represents an increased risk for 

cardiovascular mortality [18]. Another pathophysiological mechanism that is involved in nocturnal 

hypertension is obstructive sleep apnoea, frequently encountered in hypertension with CKD. Studies 

have demonstrated that nocturnal hypertension should be suspected in subjects with obstructive sleep 

apnoea, with autonomic dysfunction and organ damage, especially when the renal system is affected. 

An unfavourable control rate of hypertension was observed in CKD hypertensive patients, in spite of 

the fact that they received more antihypertensive drugs, data confirmed also by other studies [19].  

Abnormalities in serum lipid and lipoprotein levels are recognized as major modifiable CVD risk 

factors. Dyslipidemia is more common in hypertensive than normotensive subjects, lipid levels 

increasing parallel with BP increase [20]. Many studies have shown that total cholesterol (TC), 

triglycerides, HDL cholesterol and virtually all fractions of lipoproteins tend to be abnormal among 

hypertensive patients, especially when CKD is associated [21].  

Multiple metabolic abnormalities often accompany primary hypertension with CKD [22, 23]. 

Decreased HDL cholesterol, together with increased plasma levels of LDL cholesterol and VLDL, 

hypertriglyceridemia  and insulin resistance are characteristic for hypertension with CKD. High levels 

of serum cholesterol are known to increase the risk of vascular complications such as coronary heart 

disease and stroke, characteristic for CKD. Many epidemiological studies indicated the increase in 

coronary heart disease risk when the serum TC exceeds 5.0 mmol/L [24-25], which prompted studies 

to suggest that levels of serum TC in the range 5.0–6.5 mmol/L are to be considered undesirable. There 

was a positive and significant correlation between serum cholesterol and systolic and diastolic BP in 

both hypertensive patients, with and without CKD. Treatment of hypertension must be associated with 

correction of dyslipidemia to targets [25-26]. Low HDL-C was a common lipid abnormality among the 

study participants. The ATP III guidelines consider isolated HDL cholesterol a distinct form of 

atherogenic dyslipidemia, which can produce endothelial damage and the increase in blood pressure, 

being a powerful predictor of high and very high cardiovascular risk and aggravating CKD [26]. 

Studies have shown that a decrease in HDL-cholesterol of 1mg/dL is associated with a 2% increase in 

the risk of coronary heart disease in men and 3% increase in women [27-29]. 

Limitations of the study are the relatively small sample size of hypertension with CKD, the 

selection criteria based on visits at the GPs, which could introduce bias and the reliance upon a single 

24-h ABPM evaluation per subject. Due to the cross-sectional design of the study, there were no 

follow up data regarding the evolution and prognosis of the hypertensive patients with CKD.  

 

4.Conclusions 
Hypertensive patients with CKD, compared with those without CKD, had an older age, longer 

duration of hypertension, more associated risk factors and cardiovascular diseases. The study showed 

that lipid abnormalities are highly prevalent among hypertensive patients with CKD. Elevated levels of 

cholesterol, LDL, VLDL, triglycerides and low LDL cholesterol were observed, compared with 

hypertensive without CKD. An altered circadian BP pattern was more frequently met in CKD 

hypertensive patients, with the prevalence of nocturnal riser and non-dipper pattern. On ABPM they 

registred higher systolic and diastolic BP, the  systolic BP, both for 24 h SBP, day-time and night-time 
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SBP being statistical significantly higher than in hypertesnive without CKD. Efforts should be made 

for fully evaluation in primary care of hypertensive with CKD from the lipid standpoint. Treatment of 

BP to targets and of detected lipid abnormalities is strongly recommended in this group of very high-

risk patients. 
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