Revista d_e Chimi_e _ .@__
https://revistadechimie.ro

https://doi.org/10.37358/Rev. Chim.1949

Biochemical, Clinical and Prevalence Characteristics of Chronic
Kidney Disease Secondary to Arterial Hypertension

TEIM BAAJ!, MIRCEA BOTOCA!, OCTAVIAN MARIUS CRETU?,
AHMED ABU-AWWAD?, ELENA ARDELEANU?, IOAN MUSTAL, IOAN TILEA?,
SHAMSA BAAJ3, LAURENTIU SIMA!, ANDREI PAUNESCU?, ANDREI RUSMIR?,

SILVIU LATCU!, SEBASTIAN PLESA!, ADINA ELENA PROTESI!, ALIN CUMPANAS!
L Victor Babes University of Medicine and Pharmacy, 2 Eftimie Murgu Sg., 300041, Timisoara, Romania

2 University of Medicine and Pharmacy Tirgu Mures, 38 Gh. Marinescu Str., 540134, Tirgu Mures, Romania

% Harvard Medical School, 55 Fruit Street, GRB 444 Boston, MA 02114, SUA

Abstract. Hypertension has been recognized as an important cause of chronic kidney disease (CKD).
As the most important part of the hypertensive patients are managed in primary care, implementation
of routine early detection of CKD by determination of albuminuria and the estimated glomerular
filtration rate (eGFR) at this level is essential for diagnosis and prevention. The present study
demonstrated that prevalence of chronic kidney disease in hypertensive patients was 13.32%, being
higher in female than men, with old age and in the presence of diabetes mellitus and associated
cardiovascular diseases. The reduction of the eGFR depended significant statistically on age, gender
and presence of diabetes mellitus, while albuminuria depended on the presence of diabetes and old
age. Early detection of CKD in hypertensive patients permits optimal treatment of cardiovascular risk
factors, especially concerning the reduction of high blood pressure, therapy with renin-angiotensin
system blockers in order to reduce albuminuria and the progression of eGFR decline and treatment of
hyperlipidaemia.
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1.Introduction

Chronic kidney disease (CKD) is present in a significant part of the adult hypertensive population
of Romania, contributing to a reduced quality of life, high incidence of cardiovascular diseases, end
stage chronic kidney disease (ESKD) and to a growing cardiovascular (CV) mortality [1]. The link
between hypertension and the kidney is for both entities unfavourable. Hypertension is both a cause
and a consequence of CKD, as 80-95% of patients with CKD associate hypertension. The onset of
CKD contribute to the aggravation of hypertension through many mechanisms, especially due to
increased systemic vascular resistance and volume overload. Hypertension is the second leading factor,
after diabetes, which contributes to the initiation and progression of CKD. The prevalence of CKD has
increased in the last decades due to the aging of the population, to the growing prevalence of diabetes,
hypertension and obesity [2]. Prevalence of CKD in essential hypertension was reported to be variable,
depending on ethnicity, gender, geographical area and associated pathology. In population studies,
CKD was present in Japan in about 20%, in European countries in 10%-15% and in Romania in about
6-7% [3]. In the study of Cepoi [4], made on a large sample of 60.000 adults, the prevalence of CKD
in the general population was 7%, being higher in woman than in man and in older population. In other
geographic area, as in the United States, it affects 13.1% of the adult population [5]. The prevalence of
CKD in the hypertensive population is even higher, reaching 10-25%. To reduce cardiovascular and
renal morbidity and mortality, international guidelines as 2018 ESH/ESC Guideline for the
Management of Hypertension [6] recommend screening for CKD in high risk cardiovascular patients,
with the emphasis on hypertension and diabetes mellitus. Prevention actions to stop progression of
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CKD by strict control of BP values, reduction of albuminuria and correction of cardiovascular risk
factors as dyslipidaemia and diabetes are strongly recommended [7]. There are few studies referring to
the prevalence, risk factors and characteristics of CKD in Eastern Europe and in Romania. As
prevalence of hypertension in Romania has a growing tendency, as demonstrated in the SEPHAR I-111
Surveys (45% of the adult population of Romania has hypertension), prevalence of CKD secondary to
hypertension also presents a growing trend, which need to be studied [8-10].

The objectives of the present study were: (1) to evaluate the prevalence of CKD secondary to
essential hypertension in an adult hypertensive population monitored in Timis County, Romania, (2) to
determine the CKD stages of these hypertensive subjects, (3) to study their biochemical and clinical
characteristics, and (4) to evaluate the role of associated CV risk factors for CKD development.

2. Materials and methods

This is an observational cross-sectional study, effectuated between January 2017 and December
2019 in primary care health centres of Timis Country, Romania. At the study participated 14 general
practitioners (GPs), specially trained, from Timis County offices, cardiologists and internal medicine
specialists from Timisoara Medical University "Victor Babes”. The study population consisted of
hypertensive patients, selected during their visit at the GPs office. Study inclusion criteria were adult
patients over 18 years with essential hypertension, old or newly diagnosed. 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. A part of the participants did
not complete the study, in the final analysis being included 984 subjects (81.06%), as only they had
complete evaluation data. In conformity with the World Medical Association Declaration of Helsinki,
at the beginning of the study all participants signed a written informed consent.

The design of the study included 3 visits at the GPs office. The objectives of the first visit were to
measure office BP and to obtain demographic, socio-economic and lifestyle data, information about
the existing current diseases and family history, by completing study questionnaires. The physical
examination included measurements of weight, height and waist. The body mass index (BMI) was
expressed as kg/1.73 m2 Blood pressure measurements were done according to the ESC/ESH
Hypertension Guidelines [6]: 3 measurements at 2 min interval, the average of the last two
measurements being noticed. All primary care offices used for BP measurement calibrated automated
OMRON HEM 7251G devices. The second visit at the office took place two weeks apart from the first
visit. Repeated BP measurements were obtained and urinary albumin to creatinine ratio (ACR) was
determined from spot urine with dipsticks by the office nurses. For biochemical analysis 12 h fasting
blood samples and morning spot urine samples were collected. The analyses included total cholesterol
(TC), low density lipoprotein cholesterol (LDL-c), high density lipoprotein cholesterol (HDL-c),
triglycerides (TG), fasting plasma glucose (FPG), HbAlc, uric acid, creatinine and in selected cases
oral glucose tolerance test (OGTT). The laboratory tests were performed in conformity with the
standardized procedures by the Synevo Laboratories. Albumin excretion was evaluated calculating the
urinary albumin to creatinine ratio (ACR). The presence of microalbuminuria (MAU) was confirmed
by the ACR of 30 - 300mg/g. ACR <30 mg/g defined normalbuminuria and over 300 mg/g
macroalbuminuria (proteinuria). After the second visit, patients diagnosed with CKD were evaluated in
cardiology centers for detection of hypertension mediated organ damage. At the third visit, that took
place three months after the first visit, final evaluation of biochemical data, diagnosis and treatment
efficacy were done.

Based on the classification of the National Kidney Foundation-Kidney Disease Outcomes Quality
Initiative (NKF-K/DOQI), CKD was classified into 5 stages. Stage 1 presented signs of kidney damage
(albuminuria) with normal glomerular filtration rate (GFR)>90 mL/min/m?, stage 2 presented
albuminuria and a mild reduced eGFR of 60-89 mL/min/m?; stage 3 was represented by a moderate
reduction of eGFR to 30-59 mL/min/m? + albuminuria; stage 4 was represented a severe reduction of
eGFR to 14-29 mL/min/m? + albuminuria; stage 5 presented an eGFR < 15 mL/min/m? or dialysis
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[11]. The GFR was estimated based on the serum creatinine level, using the CKD-EPI equation,
corrected for age and gender. Dyslipidaemia diagnosis 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 glucose metabolism
impairment was evaluated according to the 2012 American Diabetes Association (ADA) Guidelines.

Statistical analysis. 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 y? for percentages and the
Student t test for mean values. To determine the correlations between hypertension and 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 for CKD
stages. Logistic regression analysis determined the independent predictors of CKD in the study
population.

3.Results and discussions
The prevalence of chronic kidney disease in the studied hypertensive population, consisting of
984 cases, was 13.32% (131 cases).
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Figure 1. Prevalence of diagnosis criteria for Figure 2. Prevalence of risk factors in the
chronic kidney disease in the hypertension hypertension with chronic kidney disease
with chronic kidney disease group study group

The diagnosis of CKD was based on the following criteria: (1) moderate impaired kidney function
(eGFR reduced < 60 mL/ ml/min/173m?) and/or on (2) structural damage of the kidney, of which the
most important was the presence of albuminuria >30 mg/day (ACR 30 mg/g), even in the presence of a
normal or high eGFR. The risk factors of the study group with CKD are presented in Figure 2, the
most fervent being lipid disorders, metabolic disorders and sedentary lifestyle.

The reduction of eGFR was in our study the most fervent diagnostic criteria of CKD, being present
in 11.59% (114 cases) of the total studied hypertensive population, followed by albuminuria present in
5.49% (54 cases). The association of reduced eGFR and albuminuria was present in 3.73% (37 cases),
as illustrated in figure 1. The high prevalence of CKD in the present study can be explained by the
characteristics of the study subjects, presenting older age and a high prevalence of diabetes.

Sex specific prevalence of CKD. Of the 131 hypertensive with CKD, a number of 78 (59.5%)
were female and 53 (40.5%) were men, p<0.001, OR 1.5, 95% CI =1.39-1.82. The higher prevalence
of CKD in women can be in part be explained by the naturally lower filtration rate in women, which
can result in an overestimation of CKD in female. The prevalence of CKD in female gender in the
whole hypertension group of 984 patients was 15.24% (78 cases), 95% CI 12.9-16.8. Prevalence in
male gender of CKD was lower, respectively 11.23% (53 cases), 95% CI 9.6-13.9%. The mean age of
the hypertensive population with CKD was 65.8+12.5 years, being much higher than of the total
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hypertensive population, OR = 1.151, 95% CI = 1.112-1.194, p <0.001, demonstrating that older age
is associated with the reduction of the renal function and the development of CKD.

Table 1. Prevalence of chronic kidney disease in hypertesnion depending on age groups

Age group- years Nr of cases with CKD Prevalence of 95% ClI
(131) CKD %

18-30 years 9 6.87 4.5-8.6%
31-40 years 13 9.93 7.6-12.3%
41-50 years 18 13.74 9.8-16.2%
51-60 25 19.09 15.2-22.1%
61-70 30 22.90 19.7-28.1%
>70 36 27.48 24.8-30.6%

The repartition in CKD stages of the total hypertensive population (984 cases) was made in 4
groups: (1) class 1 CKD, (1) class 2 CKD, (1) class 3 CKD and (IV) class 4 and 5 CKD (analysed
together due to the low number of patients). The CKD stages of the total hypertension study group are
presented in Figure 3. As detected, the majority of hypertensive patients with CKD belonged to the
stage 3 of CKD (9.66%), followed by stage 2 (1.80%) and stage 3 (1.73%) as presented in Figure 3.
The very low prevalence of stages 4-5 CKD can be explained due to the low naturally prevalence of
end stage renal disease in hypertension and due to the fact that these severe ill patients are monitored
mainly by nephrologists and not in primary care, being not included in studied that implied voluntary
participation and visits to their GPs. Regarding the evaluation of the eGFR, in the 131 patients of the
hypertension study group with CKD, 114 (87.01%) patients presented eGFR< 90 ml/min/173m?, of
which the majority of 72.5% belonged to stage 3 CKD with eGFR <60 ml/min/173m?. The prevalence

of early stages of CKD (stage 1 and 2) was noticed in our study to be lower, respectively 26.76%
(Figure 4).
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Figure 3. Prevalence of stages of chronic kidney
disease in the whole hypertension study
population (n=984)

Figure 4. Repartition of CKD stages in the
hypertension study group with chronic kidney
disease

The prevalence of CKD in the hypertensive study population, depending on age groups, increased
with progression to older age and is presented in Table 1. In the over 70 years hypertensive patients
group the prevalence of CKD was the greatest, respectively 27.48%. As the population become older,
an exacerbation of the burden of CKD was noticed. A percentage of 42.7% hypertensive subjects (56
cases) of those over 65 years associated CKD in our study.
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Figure 5. Prevalence of reduced eGFR in the
hypertension group with chronic kidney disease

Figure 6. Prevalence of albuminuria in
hypertension group with chronic kidney disease

In CKD hypertensive patients, the prevalence of albuminuria, compared with the prevalence of
reduced eGFR, was lower. Albuminuria was diagnosed in 41.2% of the study group with CKD, being
represented by microalbuminuria in the majority of cases (Figure 6). The prevalence of albuminuria in
the total hypertension study group (984 cases) was similar both for men and female (5.51% vs. 5.47%)
OR 1.12, 95% CI=0.8-1.3). Concerning age, the hypertensive aged over 65 years presented more often
albuminuria. Albuminuria, as component of CKD diagnosis, was statistical significant associated with
the presence of diabetes and older age, but was not influenced by gender (Figure 7).

The reduced eGFR in hypertensive patients with CKD was statistical significant associated with
older age, female gender and diabetes as presented in Figure 8.
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Figure 7. Dependence of albuminuria on age,
gender and the presence of diabetes mellitus

Figure 8. Dependence of estimated glomerular
filtration rate on age, gender and diabetes
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In order cu evaluate the factors associated prevalence of CKD in hypertension, we compared a the
clinical and biochemical characteristics of a group of 142 patients with hypertension without CKD
with the hypertension group with CKD (131 patients). The duration in years of hypertension was in the
hypertension + CKD group greater (65+12.5 vs 57+11, p<0.01), systolic blood pressure (SPB) was
higher, respectively 155+23 vs 142+18mmHg, p<0.01 and diastolic BP (DPB) was also higher, 94+13
vs 86+12 mm Hg. An unfavourable BP profile with nocturnal non-dipper pattern was characteristic for
hypertensive patients associating CKD.
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Table 2. Cardiovascular risk factors of the hypertensive study populations with and without CKD

Characteristics Study group Control group

HTA with CKD nr.131 HTA without CKD nr.142 P-value

Male gender, n (%) 53 (40.5%) 56 (51.56%) 0.05

Age, n (%)

> 55y in male 74 (57%) 65 (45.5%) 0.03

> 65y in female 60 (45.8%) 60 (48%) 0.44

Family history of premature CVD, n (%) 42 (31%) 25 (19.53%) 0.02

Smoking, n (%) 28 (21.3%) 25 (17.6%) 0.82

High LDL-c, n (%) 68 (52%) 65 (45.5%) <005

Low HDL-c, n (%) 47 (35.8%) 43 (30%) 0.06
Hypertriglyceridemia, n (%) 66 (50.3%) 43 (31.6%) <0.05
Glycaemia 110+38.5 104.2+28 <0.05

Sedentary lifestyle, n (%) 64 (48.8%) 64 (45%) 0.4
T:DM, n (%) 34 (26.4%) 30 (21.8%) <0.05

BMI (kg/m?), n (%) 28.3 27.4 0.7

Mean BMI (kg/m?) 29.82+ 6.53 27.81+5.45 0.05

T2DM, type 2 diabetes mellitus; LDL-c, low density lipoprotein cholesterol, HDLc, high density lipoprotein cholesterol; BMI, body mass
index.

Patients with CKD presented more frequent abnormalities included in the metabolic syndrome,
consisting in high glycaemia, reduced HDL cholesterol, raised triglycerides and obesity, factors that
also contributed to their high cardiovascular risk associated with hypertension (Table 2). The
laboratory abnormalities noticed in hypertension with CKD are presented in table 3.

Table 3. Biochemical data in hta study groups with and without choric kidney disease

Hypertension Hypertension P
Variables +SD without CKD with CKD (nr=131) value
(nr=142)

Fasting glucose, mg/dL 102428 110+38.5 0.03
HbAlc, % 5.6%0.9 5.8%+1.8 0.04

LDL cholesterol mean+SD, mg/dL 124433 127435 0.06
HDL Cholesterol+SD, mg/dL 46x17 40+18 mg/dL 0.04
Triglycerides, mg/dL 135+95 141+98.8 0.08
Creatinine, mg/dL 0.8+0.4 mg/dL 1.05+0.8 mg/dL 0.01

Uric acid, mg/dL 4.3+1.8 mg/dL 5.5+1.9 mg/d| 0.04

Hb, mg/dL 14.1+1.43 13.7£1.29 0.6

eGFR, ml/min/1.73 m? 70+8 58+12 0.01
ACR, mg/g 1446 138+24 0.001

Abbreviations: HbAlc, glycosylated haemoglobin; Hb, haemoglobin; eGFR, estimated glomerular
filtration rate; ACR, albumin to creatinine ratio; Hb, hemoglobin.

In a multiple logistic regression analysis model to predict CKD (Table 4), after adjusting for age,
systolic and diastolic blood pressure, BMI, diabetes mellitus, dyslipidaemia, smoking status, the
reduction of eGFR was significantly associated only with an older age and diabetes (OR=1.1,
95%CI1=1.076-1.2214, p=0.001).

Table 4. Multiple logistic regression model to predict chronic kidney disease

Variable OR 95% CI P value

Age, years 1.13 1.03-1.14 p<0.001
Gender 1.5 0.95-2.43 0.08
Systolic blood pressure 1.01 0.92-1.04 0.16
Diastolic blood pressure 0.98 0.92-1.01 0.36
Body mass index 0.97 0.91-0.99 0.3
Educational level 0.9 0.93-1.01 0.1
Smoking present 0.83 0.49-1.02 0.47

Diabetes mellitus 1.27 1.1-1.38 p<0.001
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This present study is to the authors' knowledge the first study made in Timis County, which
evaluated in primary care patients the prevalence of CKD associated to essential arterial hypertension.
The prevalence of CKD in hypertension among different trials reveals a great heterogeneity and is
hampered by differences in the definition of CKD, study design, methodology, data reporting and
different evaluation methods. In older studies, based on serum creatinine concentration, as marker of
renal function, the prevalence of CKD in essential hypertension was low (<2%). The global tendency
noticed presently is the growing prevalence of CKD secondary to hypertension. There great
differences between studies regarding the prevalence of CKD, depend on racial and ethnic groups
factors, genetic factors, lifestyle conditions and study methods. Most of the studies assessed the
prevalence of CKD in the general population to be 5-8%, and in arterial hypertension to be 10-30%
[12, 13]. Analysing CKD secondary to hypertensive nephroslerosis, our data showed that a relevant
percentage of patients with arterial hypertension (13.32%) develop in evolution this complication.
There are few studies in primary care that estimate the prevalence and severity of CKD in hypertensive
subjects using the KDOIGO classification as many trials analysed CKD when eGFR was <60
ml/min/1.72m?. Literature data regarding the prevalence of CKD in hypertension are very
inhomogeneous, (ranging from 6 to 45%). In a cross-sectional survey conducted in a primary care
population, the prevalence of CKD in patients with hypertension was 21%, the most frequent stage
being stage 3 CKD [14]. As noticed in our study, the presence of CKD was associated with old age,
female gender, high values of systolic BP and diabetes mellitus [15-17]. In the SEPHAR Il Survey
(2012) regarding the evaluation of hypertension in Romania, microalbuminura was present in 7.1%,
macroproteinuria in 1.4%, mild renal impairment with eGFR 90-60 mL/min/m? in 41% and moderate
severe renal impairment with eGFR <60 mL/min/1.73m? in 5.6%. In the SEPHAR II1 Survey (2016)
albuminuria between 30-300 mg/g was present in 4.9% of the hypertensive population, eGFR between
30-59 mL/min/1.73 m? was present in 4.6%, eGFR< 30 mL/min/1.73 m? was present in 0.7% and
albuminuria > 300 mg/g in 2.2% [8-10]. The prevalence of CKD in the general population of Turkey
evaluated in the CREDIT Study was 25.3%, of which 56% had hypertension, the prevalence of
hypertension being the greatest in stage 3 CKD (79%) and in stage 5 (92.3%). The control rate of
hypertension with CKD was in this study low, as only 33% of patients reached target BP. In a
multicentre cross-sectional survey in Ghana, CKD in hypertension was even more common, with a
prevalence of 46.9%. Albuminuria was present in 28.9%, being higher in stage 2 and 4 than in stage 3
and 5. An explanation for these very large differences in the prevalence of CKD between European
countries and Africa is not yet available [18]. A high prevalence of CKD was found also in African
Americans, who share a common ancestry with the population of Ghana and who have an adjusted risk
of ESRD that is 3.7 times higher, compared with Caucasian Americans. As the epidemiology of
hypertension associating CKD is variable in different countries, it is important to perform national
studies to determine prevalence and implement early diagnostic methods, prevention strategies and the
best treatment options [19]. These measures are necessary for preventing the evolution of CKD to
advanced stages, which affect the quality of life, are associated with a high risk of cardiovascular
complications and impose finally renal replacement therapy [20-22]. Though the European
Hypertension Guidelines recommend screening for CKD in hypertension and diabetes, a generally
inertia is noticed at the level of primary care physicians for routine search for albumin to creatinine
ratio and for evaluation eGFR. As CKD is asymptomatic in early stages, it is frequently undiagnosed.
The determination of the creatinine level is not enough to evaluate renal function, early stages of CKD
being missed by this approach. As mild and moderate severe hypertension subjects are usually treated
in primary care, it appears to be necessary to include at this level a routine evaluation of CKD [23, 24].
There are concerns that the KDIGO definition of CKD might sometimes determine untrue
identification of CKD. The calculation of eGFR with MDRD formula, used in many studies, possible
overestimated CKD stages, but CKD-EPI equation, on which our study was based (corrected for non-
renal influences as age, gender and race), is appreciated to be a more accurate predictor of renal
function. A possible error factor regarding the diagnosis of CKD is represented by the creatinine level
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of the patient, on which is based the CKD-EPI formula. This level can vary largely at the same subject
(till 21% during a two weeks interval) and rises with age.

The reduced eGFR is not only a marker of renal function failure, but data from studies, as the
ARIC (Atherosclerosis Risk on Communities), have demonstrated that the eGFR is also an
independent risk factor for atherosclerotic cardiovascular disease [25-28]. The request of GPs for
albuminuria and eGFR in daily practice is unsatisfactory low, not surpassing 20-25% and
demonstrating the need for better implementation of hypertension guidelines in primary care practice
[26-30].The predominant female gender repartition of CKD was also found in other surveys. Men have
less often a decreased eGFR than women, as the lower muscle mass of women can influence the
creatinine level. We noticed a strong connection of CKD with the aging of the study population, data
confirmed in other studies [27, 28]. The repartition in CKD stages demonstrated the greatest
prevalence of stage 3, followed by stage 2 and the lowest prevalence in stage 4. The great incidence of
cardiovascular diseases, diabetes mellitus, dyslipidaemia, metabolic syndrome and hyperuricemia met
in our study was also noticed in other surveys, in which comorbidities were registered in 50-85% of
the hypertensive population with CKD [29-33].

Limitations of the study result from the cross-sectional design. Follow up data were registered only
from few participants, so that information regarding the evolution and aggravation in time of CKD and
the factors that can worsen kidney function and aggravate albuminuria were not available. Other limits
were the selection of the study population was based on visits to the GPs, a single determination of
albuminuria and of eGFR, aspects that could introduce bias.

4.Conclusions

The prevalence of CKD in hypertensive patients monitored in primary care offices in Timis County
was 13.32%. Prevalence of CKD was higher in female than in men, in older ages and in the presence
of association of hypertension with diabetes and other cardiovascular disease. Associated risk factors
as family history of cardiovascular disease, educational level, obesity, systolic and diastolic blood
pressure, dyslipidaemia, although presenting higher levels in CKD, in a multivariate analysis did not
reach statistical significance regarding the association with the prevalence of CKD in essential
hypertension. The study data outline the importance of early detection of CKD in primary care and
justifies intensification of cardiovascular risk management, especially concerning the reduction of high
blood pressure to target values, the use the of renin-angiotensin system blockers, in order to reduce
albuminuria and the necessity of intensive treatment of other risk factors as dyslipidaemia.
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