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ABSTRACT

Background: Although hypertension (HTN) is a well-established major risk factor for renal
progression in patients with chronic kidney disease (CKD), few studies investigating its role
in renal deterioration in the general population with normal renal function (NRF) have been
published. Here, we analyzed the correlation between blood pressure (BP) and impaired renal
function (IRF) in Korean adults with NRF.

Methods: Data for the study were collected from the national health screening database of
the Korean National Health Insurance Service. Patients whose baseline estimated glomerular
filtration rate (eGFR) was less than 60 mL/min/1.73 m? or whose baseline urinalysis showed
evidence of proteinuria were excluded. IRF was defined as an eGFR below 60 mL/min/1.73
m? We performed follow up for eGFR for 6 years from 2009 to 2015 and investigated IRF
incidence according to baseline BP status. We categorized our study population into two
groups of IRF and NRF according to eGFR level in 2015.

Results: During 6 years of follow-up examinations, IRF developed in 161,044 (2.86%) of
5,638,320 subjects. The IRF group was largely older, and the incidence was higher in females
and patients with low income, HTN, diabetes mellitus, dyslipidemia, and obesity compared
with the NRF group. Subjects whose systolic BP was more than 120 mmHg or whose diastolic
BP was more than 70 mmHg had an increased risk of developing IRF compared with subjects
with lower BP (odds ratio [OR], 1.037; 95% confidence interval [CI], 1.014-1.061 vs. OR,
1.021; 95% CI, 1.004-1.038).

Conclusion: BP played a major role in renal progression in the general population with NRF.
Strict BP control may help prevent CKD in the general population.

Keywords: Blood Pressure; Hypertension; Chronic Kidney Disease; Estimated Glomerular
Filtration Rate; Korean

INTRODUCTION

Blood pressure (BP) is a well-known risk factor for cardiovascular (CV) complications
and renal progression in chronic kidney disease (CKD).1 The 2017 American College
of Cardiology/American Heart Association (ACC/AHA) hypertension (HTN) guidelines
recommend a target BP in CKD patients less than 130/80 mmHg for complicated HTN
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associated with CKD or diabetes mellitus (DM) and for uncomplicated HTN.2 The 2018
European Society of Cardiology/European Society of Hypertension (ESC/ESH) guidelines
recommend that systolic BP (SBP) in both the high- and low-risk groups be below 140
mmHg.3 Reference studies on these HTN guidelines were mainly conducted from the
perspective of CV morbidity and mortality, and renal progression has received comparatively
little attention.4

In recent years, several studies have analyzed the effect of maintaining SBP below 120 mmHg
on the preservation of renal function, and meaningful comparisons of the results against
protocols using existing HTN guidelines are available.510 The authors used a national health
screening database, which are rare in other countries, to investigate the effects of BP on renal
function decline by tracking for 6 years more than 5 million Korean adults with normal renal
function (NRF) and no proteinuria at the beginning of the study.

METHODS

Data

This retrospective observational study uses big data from the national health screening
database provided by the Korean National Health Insurance Service (NHIS) through

the National Health Insurance Sharing Service (http://nhiss.nhis.or.kr). The NHIS is

a government-affiliated agency and the only insurance provider of the national health
insurance system operated by the Korean government. It provides health screening every
other year to all citizens older than 20 years through verified hospitals and clinics nationwide.
However, national health screening is an option and not mandatory although it is free. The
health screenings provide researchers with standardized and encrypted epidemiologic and
laboratory databases covering 41 major items.

Study population

Korean adults older than 20 years in 2009 who participated in the national health screenings
provided by the NHIS in both 2009 and 2015 were included in this study. Subjects with
estimated glomerular filtration rate (eGFR) less than 60 mL/min/1.73 m? or proteinuria
exceeding a trace amount were excluded, as were those for whom data were missing.

Definitions and measurements

Health screening was conducted in Korean hospitals and clinics certified by the NHIS.

The baseline data for this study were obtained from screenings conducted in 2009. A
questionnaire was used to obtain epidemiological data on age, sex, smoking, drinking,
exercise, income, and history of medical illnesses, such as HTN, DM, and dyslipidemia.

The age of the subjects, based on the resident registration number, was used to divide the
subjects into 3 age categories: 20-39 years (youth), 40—-64 years (middle-aged), and 65 years
or older (old age). The physical examinations measured SBP, diastolic BP (DBP), height,
weight, and waist circumference (WC). BP was measured in the brachial artery using an
automatic sphygmomanometer with the subject in a sitting position after 2 to 5 minutes

of rest. Trained medical practitioners such as nurses guided and supervised the entire BP
measurement process. We repeated a measurement when the first exceeded 120/80 mmHg.
WC was measured at a point equidistant from the lowest position of the ribs and the highest
position of the pelvis. Body mass index (BMI) was calculated by dividing the subject's weight
(kilograms) into the square of height (meters). Blood tests for serum creatinine, glucose,
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total cholesterol, and urinary protein were performed after fasting for at least 8 hours.
eGFR was calculated by the Modification of Diet in Renal Disease formula (175 x serum
creatinine™* x age 2% x 0.742 for female).

Smoking status was defined based on a current smoking habit regardless of amount, and
over-drinking was defined as an intake of 30 g or more of alcohol per day. Income level

was divided into quartiles and then divided into 2 categories of quartile (Q) 1 and Q2—4.

HTN, DM, and dyslipidemia status were defined based on indications of such past medical
histories; related medication status on the survey; or a BP 0f 140/90 mmHg or higher, fasting
sugar of 126 mg/dL or higher, and total cholesterol of 240 mg/dL or higher in the 2009 health
screening. Exercise was divided into existence and absence of regular exercise, which was
defined as more than 20 minutes of intense exercise more than 3 days a week or more than 30
minutes of moderate exercise more than 5 days a week. Obesity was defined as a BMI of 25 kg/
m? or higher. Abdominal obesity was defined by a WC greater than 85 cm for female and 90
cm for male.

To confirm impairment of renal function in the same subjects, eGFRs were measured again
using the serum creatinine value in 2015, 6 years after the start of the study. The subjects
were divided into an impaired renal function (IRF) group and a NRF group according to the
eGFR in 2015. NRF was defined as cases in which eGFR was 60 mL/min/1.73 m? or more,
and IRF was defined as cases in which eGFR was less than 60 mL/min/1.73 m?. The effects of
epidemiological factors, BP, and laboratory findings on renal progression were investigated.
The subjects were categorized according to BP status in 10 mmHg intervals. SBP was divided
into 8 categories (< 100, 100-109, 110119, 120129, 130-139, 140-149, 150159, and > 160
mmHg), DBP was divided into 7 categories (< 60, 60—69, 70-79, 80-89, 90-99, 100-109, and
>110 mmHg), and pulse pressure (PP) was divided into 4 categories (< 45, 45-54, 55-64, and
> 05 mmHg).

Statistical analysis

To analyze the underlying characteristics of all subjects and to compare those characteristics
according to occurrence of IRF, study subjects were divided into IRF and NRF groups.
Significance verification for correlation between occurrence of IRF and age group was
indicated by number of people (%) and Pvalue through analysis of variance. Correlation
between occurrence of IRF and variables other than age was indicated by number of people
(%) and Pvalue through a y? test. The result of comparison between the two groups was
presented as mean + standard deviation and Pvalue through Student's #-test. The comparison
of IRF and total population according to BP after correcting other variables was indicated by
number of people and odds ratio (OR) (95% confidence interval [CI]) by logistic regression.
To analyze the relationship between BP and IRF occurrence in depth, a multivariate logistic
regression analysis was performed for 11 confounding variables of age, sex, smoking,
drinking, exercise, income, BMI, DM, HTN, dyslipidemia, and eGFR. Subgroup analysis
was performed on 8 variables of age, sex, DM, HTN, obesity, abdominal obesity, eGFR, and
smoking. Statistical analysis was performed using SAS, version 9.4 (SAS Institute, Inc, Cary,
NC, USA) at The Catholic University of Korea.

Ethics statement

This study was approved by the Institutional Review Board of The Catholic University of
Korea Uijeongbu St. Mary's Hospital (approval No. UC19ZEDE00G1). Informed consent was
waived by the board.
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10,490,491 Korean adults underwent national health screening provided by the NHIS in 2009 |

4,852,171 Excluded

3,304,183 No health screening in 2015

1,037,063 eGFR < 60 mL/min/1.73 m? or proteinuria > trace in 2009
510,925 Missing data

| 5,638,320 Study population

Fig. 1. Selection of the study population.
NHIS = National Health Insurance Service, eGFR = estimated glomerular filtration rate.

RESULTS

Baseline characteristics

In the health screening conducted in 2009, 10,490,491 subjects were older than 20 years.
Among them, 1,037,063 did not meet the eGFR or proteinuria criterion, 510,925 had missing
data, and 3,304,183 were not examined in 2015. A total of 5,638,320 subjects was selected as
the study population (10,490,491 - 1,037,063 - 510,925 - 3,304,183 = 5,638,320) (Fig. 1).

The baseline characteristics for the 5,638,320 subjects at the beginning of the study were as
follows: mean age, 46.29 + 12.52 years; female, 42.60%; smoker, 26.37%; HTN prevalence,
23.13%; DM prevalence, 7.17%; mean BP, (121.99 + 14.36)/(76.24 £ 9.76) mmHg; and eGFR,
90.86 * 42.98 mL/min/1.73 m?. Other baseline characteristics are presented in Table 1.

Comparison between IRF and NRF groups

After 6 years of study, 161,044 (2.86%) of the original subjects had IRF (Fig. 2). All subjects
were divided into IRF and NRF groups, and the clinical factors at baseline were compared
between two groups (Table 2). The IRF group showed larger proportions of both elderly (65

Table 1. Baseline characteristics

Characteristics Finding (n = 5,638,320)
Age, yr 46.29 £12.52
Female 92,402,206 (42.60)
Current smoker 1,486,647 (26.37)
Heavy drinker® 387,433 (6.87)
HTN 1,304,292 (23.13)
HTN on medication 826,001 (14.65)
Diabetes mellitus 404,124 (7.17)
Diabetes mellitus on medication 957,397 (4.57)
Dyslipidemia 977,266 (17.33)
Dyslipidemia on medication 504,401 (8.95)
Body mass index, kg/m? 23.75 + 3.10
Waist circumference, cm 80.26 + 8.75
Systolic blood pressure, mmHg 121.99 +14.36
Diastolic blood pressure, mmHg 76.24 +9.76
Pulse pressure, mmHg 45.75 + 9.31
Glucose, mg/dL 96.12 + 20.56
Total cholesterol, mg/dL 195.22 + 35.91
eGFR, mL/min/1.73 m* 90.86 + 42.98

Data are presented as mean =+ standard deviation or number (%).
HTN = hypertension, eGFR = estimated glomerular filtration rate.
2Heavy drinking is defined as alcohol consumption > 30 g/day.
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Fig. 2. IRF incidence in 2015 after 6-years of follow-up.
IRF = impaired renal function, NRF = normal renal function.

2.86%

97.14%

B IRF group
NRF group

Table 2. Comparison between IRF and NRF groups

Characteristics NRF group (n = 5,477,276) IRF group (n =161,044) P value
Age, yr 45.9 £12.56 59.78 £ 1.1 <0.001
20-39 1,729,989 (31.58) 8,679 (5.39)
40-64 3,290,125 (60.07) 94,760 (58.84)
> 65 457,162 (8.35) 57,605 (35.77)
Sex <0.001
Male 3,162,983 (57.75) 73,131 (45.41)
Female 2,314,293 (42.95) 87,913 (54.59)
Smoking <0.001
No 4,017,042 (73.34) 134,631 (83.6)
Current 1,460,234 (26.66) 26,413 (16.4)
Drinking <0.001
Non-heavy 5,096,889 (93.06) 153,998 (95.62)
Heavy 380,387 (6.94) 7,046 (4.38)
Income <0.001
Q2-4 4,149,859 (75.77) 117,474 (72.95)
Q1 1,327,417 (24.23) 43,570 (27.05)
DM <0.001
No 5,104,840 (93.2) 129,356 (80.32)
Yes 372,436 (6.8) 31,688 (19.68)
HTN <0.001
No 4,718,037 (86.14) 94,989 (58.54)
Yes 759,239 (13.86) 66,762 (41.46)
Dyslipidemia <0.001
No 4,551,229 (83.09) 109,895 (68.2)
Yes 996,047 (16.91) 51,219 (31.8)
BMI, kg/m? 23.73 +3.1 24.54 + 3.03 <0.001
WC, cm 80.18 + 8.76 82.99 + 8.47 <0.001
SBP, mmHg 121.83 £ 14.31 127.59 +16.03 <0.001
DBP, mmHg 76.18 £ 9.75 78.29 £10.16 <0.001
PP, mmHg 45.65 £ 9.25 49.29 £ 1112 <0.001
FBS, mg/dL 95.91+20.24 103.32 £ 29.46 <0.001
Tchol, mg/dL 195.08 + 35.83 199.9 + 38.60 <0.001
eGFR, mL/min/1.73 m* 91.20 + 43.17 79.42 + 36.02 <0.001

Data are presented as mean + standard deviation or number (%).

IRF = impaired renal function, NRF = normal renal function, Q = quartile, DM = diabetes mellitus, HTN =
hypertension, BMI = body mass index, WC = waist circumference, SBP = systolic blood pressure, DBP = diastolic
blood pressure, PP = pulse pressure, FBS = fasting blood sugar, Tchol = total cholesterol, eGFR = estimated
glomerular filtration rate.

years or older) and female compared with the NRF group (P < 0.001), and the prevalence of
HTN, DM, and dyslipidemia was also higher (P < 0.001). In addition, eGFR was lower in the
IRF group than in the NRF group (79.42 + 36.02 mL/min/1.73 m?vs. 91.2 + 43.17 mL/min/1.73
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m?, P<0.001), and smoker and over-drinker proportions were lower (smoker, 16.4% vs.
26.66%, P < 0.001; over-drinker, 4.38% vs. 6.94%, P < 0.001). Values for SBP, DBP, and PP
were compared between the two groups without considering whether an antihypertensive
drug has been administered, and the IRF group had higher SBP, DBP, and PP compared with
the NRF group (P < 0.001).

Renal progression according to BP

To investigate the effects of SBP, DBP, and PP on occurrence of IRF, the three pressures

were divided into 8, 7, and 4 categories, respectively (Table 3). Adjustments were made for
11 confounding variables of age, sex, smoking, drinking, exercise, income, BMI, DM, HTN,
dyslipidemia, and eGFR. The reference intervals were set as 100-109 mmHg for SBP, 60-69
mmHg for DBP, and 45-54 mmHg for PP, and the ORs of IRF occurrence at each BP category
were calculated.

The OR of IRF occurrence according to SBP was not statistically different in either the <

99 mmHg interval or the 110-119 mmHg interval compared with the reference interval of
100-109 mmHg. The OR was statistically significant (OR, 1.037; 95% CI, 1.014-1.061) from
the 120-129 mmHg interval, and as SBP increased, the OR increased (130-139 mmHg, OR,
1.064, 95% CI, 1.041-1.088; 140-149 mmHg, OR, 1.122, 95% CI, 1.093-1.152; 150-159 mmHg,
OR, 1.192, 95% CI, 1.157-1.227; > 160 mmHg, OR, 1.312, 95% CI, 1.271-1.356).

The OR of IRF occurrence according to DBP was not statistically different in the < 59
mmHg interval compared with the reference level of 60-69 mmHg. The OR was statistically
significant (OR, 1.021; 95% CI, 1.004-1.038) for the 7079 mmHg interval, and as DBP
increased, the OR increased (80-89 mmHg, OR, 1.061, 95% CI, 1.043-1.079; 90-99 mmHg,

Table 3. Multivariate logistic regression analysis of renal progression according to blood pressure interval

Variables Total population (n = 5,638,320) IRF group (n =161,044) OR (95% CI)
SBP, mmHg
<99 168,957 2,873 1.027 (0.985-1.071)
100-109 618,074 10,924 1
10-19 1,498,784 31,362 1.011 (0.988-1.034)
120-129 1,441,358 37,067 1.037 (1.014-1.0671)
130-139 1,321,037 45,336 1.064 (1.041-1.088)
140-149 320,890 16,235 1.122 (1.093-1.152)
150-159 169,895 9,960 1.192 (1.157-1.227)
>160 99,325 7,287 1.312 (1.271-1.356)
DBP, mmHg
<59 112,707 2,344 1.043 (0.998-1.090)
60-69 916,712 20,376 1
70-79 2,069,489 52,764 1.021 (1.004-1.038)
80-89 LELL57/9) 61,125 1.061 (1.043-1.079)
90-99 391,946 17,629 1.141 (1.116-1.166)
100-109 124,557 5,598 1.295 (1.186-1.264)
>110 25,330 1,208 1.355 (1.274-1.442)
PP, mmHg
<44 2,746,932 58,602 0.986 (0.974-0.998)
45-54 2,022,721 58,472 1
55-64 682,414 29,622 1.026 (1.011-1.041)
> 65 186,253 14,348 1.137 (1.114-1.160)

Data are presented as OR (95% CI) or number.

Adjusted by age, sex, smoking, drinking, exercise, income, body mass index, diabetes mellitus, hypertension,
dyslipidemia, and estimated glomerular filtration rate.

IRF = impaired renal function, OR = odds ratio, Cl = confidence interval, SBP = systolic blood pressure, DBP =
diastolic blood pressure, PP = pulse pressure.
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OR, 1.141, 95% CI, 1.116-1.166; 100-109 mmHg, OR, 1.225, 95% CI, 1.186-1.264; > 110
mmHg, OR, 1.355, 95% CI, 1.274-1.442).

On the other hand, for PP, the OR of IRF occurrence was statistically significantly lower in the
<44 mmHg interval compared with the reference interval of 45-54 mmHg, and the OR was
statistically significantly higher (55-64 mmHg; OR, 1.026; 95% CI, 1.011-1.041) for the 55-64
mmHg interval. As PP increased, the OR increased (> 65 mmHg; OR, 1.137; 95% CI1.114-1.16).

The risk of IRF occurrence was measured by subgroup analysis of 8 significant risk factors for
CKD of age, sex, DM, obesity, abdominal obesity, eGFR, and smoking according to SBP, DBP,
and PP intervals (Supplementary Fig. 1). The risk of IRF occurrence gradually increased with
SBP, DBP, and PP intervals in most subgroups but was significantly higher in some subgroups
at the highest blood pressure (> 160 mmHg of SBP, > 110 mmHg of DBP). The risk of IRF
occurrence in the 20-39 year age group was significantly higher at SBP > 160 mmHg and DBP
>110 mmHg (SBP OR, 1.917, 95% CI, 1.609-2.285; DBP OR, 1.725, 95% CI, 1.357-2.193),

and risk for smokers was also significantly higher (SBP OR, 1.518; 95% CI, 1.402-1.644). In
addition, the male subgroups showed very high risks (OR, 1.580; 95% CI, 1.458-1.712) in

the DBP > 110 mmHg interval, although there was no statistical significance in female (OR,
1.099; 95% CI, 0.995-1.215).

DISCUSSION

This study investigated the incidence of IRF over a 6-year period according to the initial BP
status of 5.6 million Korean adults who had no proteinuria and NRF, using national health
screening data. Although 6 years of follow-up is a relatively brief period, this is the first study
to investigate the effect of BP on IRF in more than 5 million adults with NRF. The results
show that the incidence of IRF was 2.86% after 6 years. Subjects with an SBP of 120 mmHg or
more had a higher risk of IRF than those with an SBP of less than 120 mmHg, and members
of the group with a DBP of 70 mmHg or more had higher risk of IRF than those with DBP

less than 70 mmHg. In addition, the incidence of IRF increased as SBP and DBP increased
regardless of DM, obesity, smoking, and dyslipidemia, which are known risk factors for CKD.
Therefore, BP is an important factor for IRF in Korean adults who maintain NRF. If BP is
actively controlled, it may be possible to reduce the incidence of CKD. Research is needed to
explore this issue.

The target BP for HTN treatment is somewhat different according to HTN guideline. To
summarize, the 2017 ACC/AHA guidelines? recommend a target BP < 130/80 mmHg, and the
2018 ESC/ESH guidelines3 recommend a target SBP < 140 mmHg. These guidelines are based
largely on studies conducted from a CV rather than a renal perspective.23 This study used
national health screening data for 5.6 million healthy adults, and in the initial data collection,
only HTN, DM, dyslipidemia, and obesity were investigated, while history of heart disease was
not identified. In addition, CV morbidity and mortality were not investigated during the study
period. Of course, this could not preclude the BP effect on CV events in our study. However, we
tried to focus more on the renal effects than the CV effects of BP through these controls.11,12

There is some disagreement in the literature concerning the effect of BP on development of

CKD in adults who maintain NRF. In a study by Yu et al.,5 14,854 adults with baseline eGFR > 60
mL/min/1.73 m? were followed up for 30 years to investigate the effect of the initial BP on CKD.
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The result was similar to that of the present study, as baseline HTN was associated with faster
decline in renal function compared with normal BP (SBP < 120 mmHg and DBP < 80 mmHg).
However, Beddhu et al.6 reported different results. They extracted 11,026 adults with baseline
eGFR > 60 mL/min/1.73 m? from the Systolic Blood Pressure Intervention Trial (SPRINT)13
and the Action to Control Cardiovascular Risk in Diabetes trial4 and divided them into an
intensive target group with SBP < 120 mmHg and a standard target group with SBP < 140
mmHg and compared the risk of CKD by BP control. Their conclusion was that intensive
lowering of SBP increased the risk of CKD in people with and without DM, and the absolute
risk was higher in DM.

In the present study, the frequencies of elderly; female; and those with HTN, low income,
dyslipidemia, obesity, and DM, which are established risk factors for CKD, were significantly
higher in the IRF group than in the NRF group. However, drinking and smoking frequencies
were significantly lower in the IRF group than in the NRF group. The exact reason is unknown,
but drinking and smoking are more commonly reported in young male who maintain NRF.

The first limitation of this study is that the data were collected only at the beginning and end
of the study to maximize the size of study population, because the number of subjects who
received regular screenings consecutively was lower than expected. Second, some subjects
with glomerulonephritis or polycystic kidney disease may be misclassified into the NRF
group because the national health screening database does not include hematuria and renal
structural abnormality data. Third, some subjects, especially those with borderline results,
can be misclassified because all laboratories participating in the national health screening
at various hospitals and clinics nationwide have slightly different normal ranges and are not
validated uniformly as with a central laboratory evaluation. Fourth, it was not possible to
confirm various events and deaths that cause acute renal failure, such as heart disease and
acute infectious disease, during the study period.

One of the most important considerations, although easy to overlook, is that BP measurement
methods affect BP values; manual BPs are usually higher than automated BPs.15 In the SPRINT
study that had a major impact on the 2017 ACC/AHA guidelines, the average of several BP values
measured by the patient alone using an automated BP device was used, which was not the
standard method in most clinics. This was one of the reasons why the 2017 ACC/AHA Guidelines
Committee chose an SBP goal of < 130 mmHg rather than < 120 mmHg, the intensive goal of

the SPRINT study. As our research was based on automatic BP measurements, we recommend
considering a difference of about 10 mmHg when applying manual BP measurements.

In conclusion, HTN is an important risk factor for renal progression in Korean adults who maintain

NREF, and a normal range of BP may reduce the incidence of CKD in the general population. A
prospective randomized controlled study should be carried out to verify this conclusion.

SUPPLEMENTARY MATERIAL

Supplementary Fig. 1

Subgroup analysis of renal progression according to SBP, DBP, and PP. (A) By age, (B) sex, (C)
DM, (D) smoking, (E) obesity, (F) abdominal obesity, (G) eGFR, (H) HTN.

Click here to view
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