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Abstract

Background/Aims—Intensive blood pressure (BP) target decreases blood perfusion of kidneys
that attenuates the benefits of BP treatment in elderly hypertensive individuals. The optimal BP
goal for renal function in the hypertensive elderly has been unclear. We investigated the impact of
BP on renal function to define the appropriate BP target in the elderly.

Methods—A total of 28,258 elderly subjects were categorized into normotensive (Norm),
hypotensive (Hypo) and hypertensive (Hyper) groups according to BP levels. Systolic, diastolic
and pulse BP (SBP, DBP and PBP) were further stratified by 10 mmHg. Blood urea nitrogen,
serum creatinine, uric acid, glomerular filtration rate (GFR), renal insufficiency prevalence (RIP)
and proteinuria prevalence (PP) were compared among different groups and BP strata. The RIP
and PP in the elderly with obesity, hyperlipidemia or diabetes in Norm, Hypo and Hyper groups
were evaluated.

Results—GFR in Hypo and Hyper groups was significantly lower than that in Norm group. The
RIP and PP was higher in Hypo and Hyper groups than that in the Norm group. Proteinuria

became more prevalent when SBP was >140 mmHg or <90 mmHg. DBP>80mmHg increased PP
while DBP<70 mmHg increased RIP. PBP>60 mmHg led to an increased RIP and PP. Obesity or
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hyperlipidemia only combined with hypertension caused a significantly increased RIP and PP.
Diabetes independent of hypertension contributed to higher RIP and PP.

Conclusions—The most beneficial BP target for kidney function in the elderly may be SBP of
90-140 mmHg and DBP of 70-80 mmHg. PBP <60 mmHg may be appropriate.

Keywords

Hpertension; Hypotension; Obesity; Hyperlipidemia; Diabetes; Glomerular filtration rate; Rrenal
insufficiency; Proteinuria

Introduction

The prevalence of hypertension has been on the rise which causes a large global economic
burden worldwide [1, 2]. Hypertension is a major independent risk factor for cardiovascular
events, cerebrovascular events and renal disease [3-9]. Hypertension-induced kidney
damage is associated with increased cardiovascular morbidity and mortality [10-13]. The
coexistence of hypertension and obesity [14, 15], hyperlipidemia [16] or diabetes [17]
results in worse renal dysfunction than isolated occurrence of either risk factor alone.
Evidence from numerous clinical trials has demonstrated benefits of blood pressure (BP)
control [18]. The target of 140/90mmHg that has been established from observational data
remains fully justifiable. However, it is unclear whether the available results could be
extrapolated to elderly patients. It is unknown whether the target of 140/90mmHg is most
optimal goal to protect elderly renal function. It is debatable about the BP targets when
hypertension in the elderly is complicated by coexist with obesity, hyperlipidemia or
diabetes. The lower target limit of BP for hypertension treatment is still not determined. On
the other hand, Intensive hypertension treatment probably causes hypotension in elderly
patients which is also an independent predictor of cardiovascular disease and of all-cause
mortality [19]. Usually hypotension including orthostatic and postprandial hypotension is
neglected among elderly. In this study, we investigated the impact of BP on renal function to
define the appropriate BP target in the elderly. We also evaluated how hypertension and
hypotension combined with obesity, hyperlipidemia, or diabetes impacted renal function to
highlight the importance of overall management in hypertensive elderly patients.

Material and Methods

The study protocol was approved by the medical ethics committee of the Third Xiang-ya
Hospital. All of the subjects enrolled in this study gave informed consent to participate in
this study.

Study Subjects

In this cross-sectional study, 31,941 Chinese people were consecutively recruited who
participated in annual physical examination in Health Examination Center of the Third
Xiang-Ya Hospital in Hunan Province between 2008 and 2010. Inclusion criteria were >60
year-old, male or female. Exclusion criteria included 1) no available data on BP value,
glucose concentration, cholesterol level, blood urea nitrogen (BUN) level, uric acid (UA)
level, serum creatinine (Scr) level, urine analysis, body weight, or height, and 2) history of
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primary renal diseases; and 3) renal artery stenosis, and 4) duplicate cases. A total of 28,258
subjects met with the inclusion and exclusion criteria and were eligible for inclusion in this
study. Hypertension was defined according to the JNC 7 Report [18], and people who had
previously received a diagnosis of hypertension were also considered to have hypertension.
Hypotension was considered to be systolic blood pressure (SBP) less than 90mmHg or
diastolic blood pressure (DBP) less than 60mmHg [20, 21]. The presence of obesity was
defined by body mass index (BMI) of 28kg/m2 or more [18]. Hyperlipidemia was defined as
serum concentration of total cholesterol (TC) of more than 5.7mmol/L, triglycerides of more
than 1.7mmol/L [18], or patients who had previously received a diagnosis of hyperlipidemia
and been being treated by statin drugs were also considered to have hyperlipidemia.
Diabetes was diagnosed by fasting blood glucose of 7.0mmol/L or more, casual blood
pressure of 11.1mmol/L or more [22] or patients had a previous diagnosis of diabetes. Renal
insufficiency [23] was defined as estimated glomerular filtration rate (eGFR) < 60 ml/min/
1.73m2.

Measurements and Prediction Formulas

The examination was carried out during outpatient visit including an interview to determine
the history of hypertension, diabetes and hyperlipidemia. After fasting overnight, BP was
measured with an appropriately sized cuff and a mercury column sphygmomanometer in the
sitting posture after a 10-min rest. Height and body weight were measured, and BMI was
calculated as body weight divided by square of height. Venous blood sampling from all of
the subjects was performed. Serum glucose, TC, high density lipoprotein (HDL) cholesterol,
low density lipoprotein (LDL) cholesterol, triglycerides, blood urea nitrogen (BUN), Scr and
uric acid (UA) rand Scr level were determined using standard laboratory methods.
Qualitative analysis of urea protein was measured by sulfosalicylic acid method. GFR was
estimated using the simplified Modification of Diet in Renal Disease (MDRD) and chronic
kidney disease (CKD-EPI) equations. MDRD estimate of kidney function was calculated as
186xScr1-154xAge0-203 (x0.742 if female). The CKD-EPI estimate of renal function was
calculated as recommended: For women with a Scr <0.7, 144x(Scr/0.7)"0-329x0,9932%¢; for
women with a Scr>0.7, 144x(Scr/0.7)"1-209x0,99329€; for men with a Scr <0.9, 141x(Scr/
0.9)"0411x(.9932%€: for men with a Scr >0.9, 141x(Scr/0.9)"1-209x0,99329¢,

Statistical Analysis

Continuous variables were expressed as mean + SD and categorical variables as percentage
unless otherwise stated. The subjects were categorized into normotensive (Norm),
hypotensive (Hypo) and hypertensive (Hyper) groups according to BP level. Each of Norm,
Hypo and Hyper groups was further divided into control, obesity, hyperlipidemia and
diabetes groups. One-way ANOVA was used to compare difference of means of continuous
variables among three groups or more. Analysis of covariance was used to control for
confounding factors. The significance of difference between two groups was determined by
chi-square test for categorical variables and t test for continuous variables. Multiple linear
regression was performed to analyze the relationship between blood pressure and clinical or
laboratory parameters. Systolic, diastolic and pulse pressure (PBP) were stratified by
10mmHg. Binary logistic regression was used to explore the effect of different SBP, DBP
and PBP strata on renal insufficiency and proteinuria. SBP stratum of 100-110 mmHg, DBP
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stratum of 70-80 mmHg and PBP stratum of 40-50 mmHg were considered as reference.
Odds ratio (OR) and 95% confidence internal (CI) were calculated. The validity of the
models was confirmed by conducting the likelihood-ratio test. P value under 0.05 was
considered to be statistically significant. Analysis was performed in statistical software
package SPSS16.0 for Windows.

Summary of all study subjects

Overall, 28,258 subjects with 66% male and at age of 69.4+6.2 years were studied. The
prevalence of hypertension, hypotension, obesity, hyperlipidemia and diabetes were 68.2%,
4.4%, 10.4%, 41.2% and 47.6%, respectively. Males were more likely to have hypertension
than females (69% vs 67.7%; P<0.0001) but females were more likely to have hypotension
than males (6.2% vs 3.4%, P<0.0001). SBP was as high in women as in men (141£20.3 vs
141+19.3 mmHg; P=0.953) whereas women had lower DBP and larger PBP than men
(76+11.7 vs 79+11.9 mmHg; 65+16.4 vs 62+15.6 mmHg; P<0.0001). Estimated GFR by
MDRD formula was higher than that calculated by CKD-EPI equation (89.7+20.2 vs
82.6+14.1 ml/min/1.73m?; P<0.0001). There was a mean difference of 3.5ml/min/1.73m?
between MDRD and CKD-EPI eGFR when their average was less than 98ml/min/1.73m2
but the difference became larger and larger when their average value was more than
98ml/min/1.73m2. Many extreme high values of GFR could be easily obtained by MDRD
equation (Figure 1).

Effects of hypertension and hypotension on renal function

The general characteristics of study subjects within Norm, Hypo and Hyper categories are
shown in Table 1. The relationship between blood pressure and parameters including age,
sex, BMI, cholesterol, glucose, BUN, Scr, UA or GFR in hypotension and hypertension was
analyzed by multiple linear regression as shown in Table 2. Increased SBP and decreased
DBP separately contributed to development of hypertension and hypotension in elderly both
of which led to larger PBP. Compared with normotensive subjects, hypertensive people
were more likely to be older, male, have obesity, hyperlipidemia, diabetes and higher levels
of BUN, Scr and UA. Hypotensive people were more likely to be older, female, and have
lower levels of BMI, TC, Scr, UA but higher BNU and prevalence of diabetes. However
both hypertensive and hypotensive subjects had lower GFR and higher prevalence of renal
insufficiency. After adjustment for confounding factors (age, gender, BMI, cholesterol and
glucose), both hypertension and hypotension groups still had decreased GFR (P<0.0001).
Hypertensive group had 1.93-fold higher prevalence of renal insufficiency (95% CI 1.71 to
2.17; P<0.0001) and 2.24-fold higher prevalence of proteinuria (95% CI 2.05 to 2.45;
P<0.0001) than normotensive group, while hypotensive group had 1.84-fold higher
prevalence of renal insufficiency (95% CI 1.46 to 2.32; P<0.0001). But there was no
significant difference in prevalence of proteinuria between hypotensive and normotensive
groups (P=0.583). The multiple linear regression showed that 1) cholesterol and glucose
levels were positively related to blood pressure only in hypertension group; 2) age was a
negative factor for DBP; 3) BMI was positively correlated with blood pressure in both
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hypotension and hypertension groups; and 4) a decreased GFR was positively correlated to
not only hypertension but also hypotension (Table 2).

Effects of SBP in different strata on renal function

The GFR and prevalence of renal insufficiency and proteinuria in different SBP strata are
presented in Figure 2. When SBP decreased from stratum 90-100mmHg to stratum
80-90mmHg, GFR was reduced by 3.6ml/min/1.73m?2 (P=0.013) while BUN, Scr and UA
respectively increased by 0.2mmol/L, 1.93umol/L and 7.5umol/L (all P>0.05). GFR
decreased progressively and continuously with increase in SBP, approximately going down
by 1.13ml/min/1.73m? for every 10mmHg increase in SBP that occurs within the range of
140 to 230mmHg while BUN, Scr and UA increased by 0.08mmol/L, 1.54pmol/L and
1.73pmol/L for every 10mmHg increase in SBP. OR values of renal insufficiency and
proteinuria in different SBP strata are shown in Table 3.

Effects of DBP in different strata on renal function

The GFR and prevalence of renal insufficiency and proteinuria in different DBP strata are
presented in Figure 3. As DBP less than 70mmHg went down, GFR was reduced by
1.4ml/min/1.73m? for every 10mmHg decrease while BUN, Scr and UA respectively
increased by 0.1mmol/L, 0.63umol/L and 1.33umol/L. When DBP ranging from
90-120mmHg increased, GFR decreased by 1.93ml/min/1.73m? for every 10mmHg change
while BUN, Scr and UA increased 0.03mmol/L, 2.8umol/L and 2.95umol/L. When DBP
was over 120mmHg, GFR obviously decreased and BUN Scr and UA quickly increased. OR
values of renal insufficiency and proteinuria in different DBP strata are shown in Table 4.

Effects of PBP in different strata on renal function

The GFR and prevalence of renal insufficiency and proteinuria in different PBP strata are
presented in Figure 4. As PBP over 60mmHg went up, GFR was reduced by 2.29ml/min/
1.73m?2 for every 10mmHg increase while BUN, Scr and UA respectively increased by
0.16mmol/L, 2.27umol/L and 5.18umol/L. OR values of renal insufficiency and proteinuria
in different PBP strata are shown in Table 5.

Effects of hypertension and hypotension combined with obesity, hyperlipidemia or
diabetes on renal function

Renal insufficiency and proteinuria rate of the hypertensive and hypotensive elderly with
obesity, hyperlipidemia or diabetes are presented in Figure 5. Diabetes significantly
increased prevalence of renal insufficiency and proteinuria in all elderly. In hypotensive
group, obesity and hyperlipidemia did not have effect on renal arterial perfusion and
proteinuria but both of them could enhance damage to renal function in hypertensive group.
There is no interaction on GFR between hypertension or hypotension and obesity,
hyperlipidemia or diabetes (P>0.05).

Discussion

In total, we studied 28,258 elderly subjects including hypertension, hypotension, obesity,
hyperlipidemia and diabetes patients. Given the difficulties with accurate estimation of GFR
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and the limitations of calculating GFR by the MDRD formula, we used the new CKD-EPI
equation. Although overall mean bias is smaller for the MDRD formula, the higher accuracy
is reached with the CKD-EPI equation [24]. Compared with the CKD-EPI formula, the GFR
values obtained by the MDRD method were higher and had larger variance, especially when
GFR is 298ml/min/1.73m2.

The prevalence of hypertension increases markedly with age, such that approximately two
thirds of people over 60 years of age have hypertension. This study showed the prevalence
of hypertension was 68.2% among elderly in 2008 to 2010 which increased by 19% than
that in 2002 [25]. It is clear that average SBP and DBP in men less than 60 years of age are
higher than in age-matched women by 6-7 and 3-5mmHg [26, 27] however BP (particularly
SBP) increased in women so that hypertension became more prevalent or at least as
prevalent in women as men after 60 years of age [28]. Some authors reported gender was not
associated with elderly hypertension. In our elderly-based study SBP had no difference
between female and male but DBP in men was still higher by 3mmHg, suggesting SBP in
women over age of 60 years increases quickly. Hypertension was still more prevalent in men
than women. The pattern of blood pressure elevation changes with age. For most elderly,
DBP starts to decline after age 60 although SBP increases steadily with age. PBP therefore
widens with age. Isolated systolic hypertension predominates among elderly and it is present
in 65% of all hypertensive elderly for which this study supplies strong evidence.
Hypotension is usually understood as a physiological state, rather than a disease. There are
very few reports about hypotension in the elderly. An orthostatic decline in blood pressure
accompanies advanced age and sometimes is an inevitable adverse effect of some
antihypertensive drugs. Orthostatic hypotension is an independent predictor of
cardiovascular disease and of all-cause mortality [19]. It is a marker of poor prognosis in
older patients. In this study, 4.4% of elderly suffered hypotension most of whom are female.

It is well known that hypertension could cause severe renal damage including decreased
GFR, high prevalence of renal insufficiency and proteinuria [8, 9, 19]. The current cross-
section study not only further confirmed these notions but also provided novel and important
evidence suggesting that hypotension might also be related to renal dysfunction as a
potential risk factor. In normotensive population of this study, the prevalence of renal
insufficiency was 4.6%, similar to those performed in Spanish and Canadian population
[29,30]. However patients with hypertension had 1.93-fold higher risk of renal insufficiency
and 2.24-fold higher prevalence of proteinuria than normotensive elderly. In hypotensive
elderly patients, the risk of renal insufficiency was 1.84-fold higher than normotensive
population and, correspondingly, the prevalence of renal insufficiency significantly rose
from 4.6% to 8.1% (P<0.0001); the prevalence of proteinuria also went up from 8.2% to
8.7% although the statistical analysis showed no significant difference between hypotensive
and normotensive groups (P=0.583).

Data from randomized controlled trials suggests that treating hypertension in the elderly
may substantially reduce the risk of cardiovascular disease and kidney damage [18].
However treatment remains a challenge because of aging-related changes. Therapy should
be considered carefully in all aging hypertensive patients. At present the generally
recommended blood pressure goal of 140/90 mmHg for hypertensive elderly patients is
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based on expert opinion. Target for BP management has not been based on observational
data in the elderly. Elevated SBP is a very important risk factor for both cardiovascular and
renal disease in the elderly [18, 31] and the evidence supporting a target SBP level <140
mmHg in slowing progression of kidney disease is strong. We found the elderly with SBP of
150-160 mmHg had 1.24-fold risk of renal insufficiency considering SBP ranging from 100
to 110 mmHg as reference and OR of renal insufficiency increased by 1.45 fold when SBP
changed from 150-160 mmHg to 160-170mmHg We also found proteinuria was relevant to
SBP. Proteinuria risk increased by 1.62 fold in the elderly with SBP stratum of
140-150mmHg. So this study supports the treatment target of SBP <140 mmHg in the
elderly in order to protect renal function. But until now there has been limited data regarding
the effect of lowering BP to <130 mmHg and benefit of intensive antihypertensive
treatment. Our study did not show target of SBP <130 mmHg was more beneficial for
elderly kidney than target of SBP <140 mmHg Given the limitation in quality and
applicability of published data, ongoing randomized, multicenter Systolic Blood Pressure
Interventional trial (SPRINT) is expected to provide the evidence needed to support standard
vs aggressive hypertension control among the elderly. The trial is projected to run not until
late 2018. One report showed DBP and PP had no significant association with a decline in
kidney function in the elderly [32]. But the current study showed that DBP of 70-80 mmHg
might be best beneficial for kidney function of the elderly. A decreased DBP to <70 mmHg
was found to be related to renal insufficiency while an increased DBP to >80 mmHg was
related to prevalence of proteinuria. However, further longitudinal and prospective studies
are needed for a clear conclusion on whether there is indeed a causative relationship
between hypotension and chronic kidney dysfunction or whether hypotension might be a
potential risk factor of chronic renal disease. PBP is a predictor of adverse outcomes of
chronic kidney disease and associated with decline in kidney function [33]. This study
showed when PBP was over 60mmHg renal perfusion was significantly reduced and
proteinuria was produced.

Diabetes increases prevalence of renal insufficiency and proteinuria among the elderly [34,
35]. It is questionable that whether the hypertensive elderly with diabetes need more
aggressive goal of BP in preventing the incidence of diabetic kidney and slowing its
progression [17, 36]. Some studies showed SBP under 130 or 120 mmHg in the diabetic
elderly increased risk of total and cardiovascular disease (CVD) mortality and serious side
effects [37, 38]. Based on a recent meta-analysis, it was concluded that, among patients with
type 2 diabetes, the more aggressive target for SBP of <130 mmHg has to be balanced
between the benefit of lowering stroke incidence, such as life-threatening event or
hospitalization, and the lack of benefit for cardiac, renal and retinal outcomes [39-43]. Our
study is consistent with those previous reports, revealing SBP of 130-140 mmHg does not
increase prevalence of proteinuria (OR=0.69). The DBP stratum of 80-90mmHg mildly
increases risk of proteinuria (OR=1.26, P=0.012). However the Irbesartan in Diabetic
Nephropathy Trial (IDNT) showed progressive lowering of BP up to DBP of 85 mmHg
protected against cardiovascular event but not renal endpoint [44, 45]. Therefore, cautions
should be paid when applying the guideline to lower BP to 130/80 mmHg in patients with
diabetic nephropathy universally. It is still not clear if elderly patients with hypertension
confronted with obesity or hyperlipidemia would need different BP goal [46-48]. Our study
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revealed hypertension with obesity or hyperlipidemia led to worse kidney dysfunction than
it alone in the elderly.

Conclusion

Our findings suggest that while hypertension has a clear causative relationship with chronic
renal damage as has been reported previously hypotension may also contribute to renal
dysfunction in the elderly. And the most beneficial BP target for kidney function in the
elderly may be SBP of 90-140 mmHg and DBP of 70-80 mmHg. PBP less than 60 mmHg
may be appropriate. Only obesity or hyperlipidemia combined with hypertension causes
kidney damage. They do not impact renal function alone. However, diabetes independent of
hypertension leads to renal insufficiency and proteinuria. Diabetes confronted with
hypertension enhances renal dysfunction. The hypertensive elderly patients with obesity
hyperlipidemia or diabetes might need different BP target.

The strategy and intensity of treatment of BP in the elderly should be based on the patient’s
individual CVD risk factors and possible comorbidity conditions rather than on aggressive
BP goal recommended by global guideline alone. Although our study supplies important
primary evidence about BP goal in the elderly further large prospective elderly-based study
will be needed to confirm our observations.

Acknowledgments

We thank Zhi-Heng Chen, Chun-Yan Wen and Ying Yu for their suggestions and assistance. This study is
supported by National Basic Research Program of China (No. 2011CB512001), the National Natural Science
Foundation of China (NO. 81273594), the National Key Technology R&D Program (2012BAI37B05),
International Science and Technological Cooperation Project of Hunan (No. 2010wk2006), Doctoral Research and
Innovation Project of Hunan Province (No. CX2011B075), Fundamental Research Funds for the Central South
University (2012zzts036), and the National Institute of Health #HL106256 and #HL 113598 to Dr. Duan.

References

1. Kearney PM, Whelton M, Reynolds K, Muntner P, Whelton PK, He J. Global burden of
hypertension: analysis of worldwide data. Lancet. 2005; 365:217-223. [PubMed: 15652604]

2. Kearney PM, Whelton M, Reynolds K, Whelton PK, He J. Worldwide prevalence of hypertension: a
systematic review. J Hypertens. 2004; 22:11-19. [PubMed: 15106785]

3. Campbell-Scherer DL, Green LA. Hypertension. Prim Care. 2005; 32:1011-1025. viii. [PubMed:
16326225]

4. Rosendorff C. Hypertension and coronary artery disease: a summary of the American Heart
Association scientific statement. J Clin Hypertens (Greenwich). 2007; 9:790-795. [PubMed:
17917507]

5. Yu JG, Zhou RR, Cai GJ. From hypertension to stroke: mechanisms and potential prevention
strategies. CNS Neurosci Ther. 2011; 17:577-584. [PubMed: 21951373]

6. Dubow J, Fink ME. Impact of hypertension on stroke. Curr Atheroscler Rep. 2011; 13:298-305.
[PubMed: 21626308]

7. Sharma M, Hakim AM. The management of hypertension for primary stroke prevention: a proposed
approach. Int J Stroke. 2011; 6:144-149. [PubMed: 21371277]

8. Ritz E. Hypertension and kidney disease. Clin Nephrol. 2010; 74:S39-S43. [PubMed: 20979962]

9. Barri YM. Hypertension and kidney disease: a deadly connection. Curr Hypertens Rep. 2008;
10:39-45. [PubMed: 18367025]

Kidney Blood Press Res. Author manuscript; available in PMC 2015 April 09.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Zhang et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Page 9

Fried LF, Shlipak MG, Crump C, Bleyer AJ, Gottdiener JS, Kronmal RA, Kuller LH, Newman
AB. Renal insufficiency as a predictor of cardiovascular outcomes and mortality in elderly
individuals. J Am Coll Cardiol. 2003; 41:1364-1372. [PubMed: 12706933]

Manjunath G, Tighiouart H, Coresh J, Macleod B, Salem DN, Griffith JL, Levey AS, Sarnak MJ.
Level of kidney function as a risk factor for cardiovascular outcomes in the elderly. Kidney Int.
2003; 63:1121-1129. [PubMed: 12631096]

Arnlov J, Evans JC, Meigs JB, Wang TJ, Fox CS, Levy D, Benjamin EJ, D’ Agostino RB, Vasan
RS. Low-grade albuminuria and incidence of cardiovascular disease events in nonhypertensive and
nondiabetic individuals: the Framingham Heart Study. Circulation. 2005; 112:969-975. [PubMed:
16087792]

Madison JR, Spies C, Schatz IJ, Masaki K, Chen R, Yano K, Curb JD. Proteinuria and risk for
stroke and coronary heart disease during 27 years of follow-up: the Honolulu Heart Program. Arch
Intern Med. 2006; 166:884-889. [PubMed: 16636214]

Kopple JD. Obesity and chronic kidney disease. J Ren Nutr. 2010; 20:S29-S30. [PubMed:
20797567]

Sachse A, Wolf G. New aspects of the relationship among hypertension, obesity, and the kidneys.
Curr Hypertens Rep. 2008; 10:138-142. [PubMed: 18474181]

Kostapanos MS, Milionis HJ, Elisaf MS. Current role of statins in the treatment of essential
hypertension. Expert Opin Pharmacother. 2010; 11:2635-2650. [PubMed: 20497095]

Van Buren PN, Toto RD. The pathogenesis and management of hypertension in diabetic kidney
disease. Med Clin North Am. 2013; 97:31-51. [PubMed: 23290728]

Lenfant C, Chobanian AV, Jones DW, Roccella EJ. Seventh report of the Joint National
Committee on the Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC
7): resetting the hypertension sails. Hypertension. 2003; 41:1178-1179. [PubMed: 12756222]

Fenech G, Safar M, Blacher J. Orthostatic hypotension: marker of severity and management of
antihypertensive treatment. Presse Med. 2012; 41:1116-1121. [PubMed: 22480861]

Oyetunji TA, Chang DC, Crompton JG, Greene WR, Efron DT, Haut ER, Cornwell EE 3rd, Haider
AH. Redefining hypotension in the elderly: normotension is not reassuring. Arch Surg. 2011;
146:865-869. [PubMed: 21768435]

Eastridge BJ, Salinas J, McManus JG, Blackburn L, Bugler EM, Cooke WH, Convertino VA,
Wade CE, Holcomb JB. Hypotension begins at 110 mm Hg: redefining “hypotension” with data. J
Trauma. 2007; 63:291-297. [PubMed: 17693826]

Diagnosis and classification of diabetes mellitus. Diabetes Care. 2012; 35:5S64-S71. [PubMed:
22187472]

Levey AS, Coresh J, Balk E, Kausz AT, Levin A, Steffes MW, Hogg RJ, Lau J, Eknoyan G.
National Kidney Foundation practice guidelines for chronic kidney disease: evaluation,
classification, and stratification. Ann Intern Med. 2003; 139:137-147. [PubMed: 12859163]

Michels WM, Grootendorst DC, Verduijn M, Elliott EG, Dekker FW, Krediet RT. Performance of
the Cockcroft-Gault, MDRD, and new CKD-EPI formulas in relation to GFR, age, and body size.
Clin J Am Soc Nephrol. 2010; 5:1003-1009. [PubMed: 20299365]

Li LM, Rao KQ, Kong LZ, Yao CH, Xiang HD, Zhai FY, Ma GS, Yang XG. A description on the
Chinese national nutrition and health survey in 2002. Zhonghua Liu Xing Bing Xue Za Zhi. 2005;
26:478-484. [PubMed: 16334996]

Burt VL, Whelton P, Roccella EJ, Brown C, Cutler JA, Higgins M, Horan MJ, Labarthe D.
Prevalence of hypertension in the US adult population. Results from the Third National Health and
Nutrition Examination Survey, 1988-1991 Hypertension. 1995; 25:305-313.

August P, Oparil S. Hypertension in women. J Clin Endocrinol Metab. 1999; 84:1862-1866.
[PubMed: 10372676]

Stamler J, Stamler R, Riedlinger WF, Algera G, Roberts RH. Hypertension screening of 1 million
Americans. Community Hypertension Evaluation Clinic (CHEC) program, 1973 through 1975.
JAMA. 1976; 235:2299-2306. [PubMed: 946622]

de Francisco AL, Otero A. Occult chronic renal failure: EPIRCE study. Nefrologia. 2005; 25:66—
71. [PubMed: 16392326]

Kidney Blood Press Res. Author manuscript; available in PMC 2015 April 09.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Zhang et al.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Page 10

Garg AX, Mamdani M, Juurlink DN, van Walraven C. Network of Eastern Ontario Medical
Laboratories (NEO-MeL): Identifying individuals with a reduced GFR using ambulatory
laboratory database surveillance. J Am Soc Nephrol. 2005; 16:1433-1439. [PubMed: 15800126]

Klag MJ, Whelton PK, Randall BL, Neaton JD, Brancati FL, Ford CE, Shulman NB, Stamler J.
Blood pressure and end-stage renal disease in men. N Engl J Med. 1996; 334:13-18. [PubMed:
7494564]

Young JH, Klag MJ, Muntner P, Whyte JL, Pahor M, Coresh J. Blood pressure and decline in
kidney function: findings from the Systolic Hypertension in the Elderly Program (SHEP). J Am
Soc Nephrol. 2002; 13:2776-2782. [PubMed: 12397049]

Arulkumaran N, Diwakar R, Tahir Z, Mohamed M, Kaski JC, Banerjee D. Pulse pressure and
progression of chronic kidney disease. J Nephrol. 2010; 23:189-193. [PubMed: 20119928]
Pyram R, Kansara A, Banerji MA, Loney-Hutchinson L. Chronic kidney disease and diabetes.
Maturitas. 2012; 71:94-103. [PubMed: 22137331]

Fernandez FB, Elewa U, Sanchez-Nino MD, Rojas-Rivera JE, Martin-Cleary C, Egido J, Ortiz A.
2012 update on diabetic kidney disease: the expanding spectrum, novel pathogenic insights and
recent clinical trials. Minerva Med. 2012; 103:219-234. [PubMed: 22805616]

Williams ME. Diabetic kidney disease in elderly individuals. Med Clin North Am. 2013; 97:75-
89. [PubMed: 23290731]

Vepsalainen T, Laakso M, Kantola I, Lehto S, Juutilainen A, Ronnemaa T. Proteinuria modifies
the effect of systolic blood pressure on total and cardiovascular disease mortality in patients with
type 2 diabetes. J Intern Med. 2012; 272:611-619. [PubMed: 22891848]

Cushman WC, Evans GW, Byington RP, Goff DC Jr, Grimm RH Jr, Cutler JA, Simons-Morton
DG, Basile JN, Corson MA, Probstfield JL, Katz L, Peterson KA, Friedewald WT, Buse JB,
Bigger JT, Gerstein HC, Ismail-Beigi F. Effects of intensive blood-pressure control in type 2
diabetes mellitus. N Engl J Med. 2010; 362:1575-1585. [PubMed: 20228401]

Kalaitzidis R, Bakris GL. Lower blood pressure goals for cardiovascular and renal risk reduction:
are they defensible? J Clin Hypertens (Greenwich). 2009; 11:345-347. [PubMed: 19583629]

Mancia G, Laurent S, Agabiti-Rosei E, Ambrosioni E, Burnier M, Caulfield MJ, Cifkova R,
Clément D, Coca A, Dominiczak A, Erdine S, Fagard R, Farsang C, Grassi G, Haller H, Heagerty
A, Kjeldsen SE, Kiowski W, Mallion JM, Manolis A, Narkiewicz K, Nilsson P, Olsen MH, Rahn
KH, Redon J, Rodicio J, Ruilope L, Schmieder RE, Struijker-Boudier HA, van Zwieten PA,
Viigimaa M, Zanchetti A. Reappraisal of European guidelines on hypertension management: a
European Society of Hypertension Task Force document. J Hypertens. 2009; 27:2121-2158.
[PubMed: 19838131]

Flynn C, Bakris GL. Blood pressure targets for patients with diabetes or kidney disease. Curr
Hypertens Rep. 2011; 13:452-455. [PubMed: 21904985]

Bangalore S, Kumar S, Lobach I, Messerli FH. Blood pressure targets in subjects with type 2
diabetes mellitus/impaired fasting glucose: observations from traditional and bayesian random-
effects meta-analyses of randomized trials. Circulation. 2011; 123:2799-2810. [PubMed:
21632497]

Adler Al, Stratton IM, Neil HA, Yudkin JS, Matthews DR, Cull CA, Wright AD, Turner RC,
Holman RR. Association of systolic blood pressure with macrovascular and microvascular
complications of type 2 diabetes (UKPDS 36): prospective observational study. BMJ. 2000;
321:412-419. [PubMed: 10938049]

Berl T, Hunsicker LG, Lewis JB, Pfeffer MA, Porush JG, Rouleau JL, Drury PL, Esmatjes E,
Hricik D, Pohl M, Raz I, Vanhille P, Wiegmann TB, Wolfe BM, Locatelli F, Goldhaber SZ, Lewis
EJ. Impact of achieved blood pressure on cardiovascular outcomes in the Irbesartan Diabetic
Nephropathy Trial. J Am Soc Nephrol. 2005; 16:2170-2179. [PubMed: 15930097]

Pohl MA, Blumenthal S, Cordonnier DJ, De Alvaro F, Deferrari G, Eisner G, Esmatjes E, Gilbert
RE, Hunsicker LG, de Faria JB, Mangili R, Moore J Jr, Reisin E, Ritz E, Schernthaner G,
Spitalewitz S, Tindall H, Rodby RA, Lewis EJ. Independent and additive impact of blood pressure
control and angiotensin Il receptor blockade on renal outcomes in the irbesartan diabetic
nephropathy trial: clinical implications and limitations. J Am Soc Nephrol. 2005; 16:3027-3037.
[PubMed: 16120823]

Kidney Blood Press Res. Author manuscript; available in PMC 2015 April 09.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Zhang et al. Page 11

46. Chagnac A, Weinstein T, Korzets A, Ramadan E, Hirsch J, Gafter U. Glomerular hemodynamics
in severe obesity. Am J Physiol Renal Physiol. 2000; 278:F817-F822. [PubMed: 10807594]

47. Ribstein J, du CG, Mimran A. Combined renal effects of overweight and hypertension.
Hypertension. 1995; 26:610-615. [PubMed: 7558220]

48. Gomez P, Ruilope LM, Barrios V, Navarro J, Prieto MA, Gonzalez O, Guerrero L, Zamorano MA,
Filozof C. Prevalence of renal insufficiency in individuals with hypertension and obesity/
overweight: the FATH study. J Am Soc Nephrol. 2006; 17:5194-S200. [PubMed: 17130261]

Kidney Blood Press Res. Author manuscript; available in PMC 2015 April 09.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Zhang et al.

Page 12

Difference (ml/min/1.73m? >

200 +

w

o

o
L

150 1 o

N

(=]

(=]
1

100 -

(4]
o
A

eGFR (ml/min/1.73m?)

o

100 - %
5 10 150 20 250 04 ‘:F ,

507  Average of eGFR (ml/min/1.73m? MDRD  CKD-EPI

Fig. 1.
Comparison between MDRD formula and CKD-EPI equation in the elderly. A: Bland-

Altman plot of MDRD and CDK-EPI eGFR; B: Boxchart of MDRD and CDK-EPI eGFR. %
represents extreme values, O represents outliers.
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Fig. 2.

Ef?‘ects of different SBP strata on GFR, renal insufficiency prevalence and proteinuria
prevalence. GFR was expressed in mean+SE. A,B,C,D,E, F,G,H, I,J,K,L, Mand N
represents 80-89mmHg, 90-99mmHg, 100-109mmHg, 110-119mmHg, 120-129mmHg,
130-139mmHg, 140-149mmHg, 150-159mmHg, 160-169mmHg, 170-179mmHg,
180-189mmHg, 190-199mmHg, 200-209mmHg and 210-220mmHg stratum, respectively.
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Effects of different DBP strata on GFR, renal insufficiency prevalence and proteinuria
prevalence. GFR was expressed in mean+SE. A, B, C, D, E, F, G, H, | and J represents
40-49mmHg, 50-59mmHg, 60-69mmHg, 70-79mmHg, 80-89mmHg, 90-99mmHg,
100-109mmHg, 110-119mmHg, 120-129mmHg and 130-139mmHg stratum, respectively.

Kidney Blood Press Res. Author manuscript; available in PMC 2015 April 09.




1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Zhang et al.

Page 15

A B C
5 85 e 401
~ =
£ 80 T 40 =
E 8 < 30
E (3] =
_— E | =
E‘IS s .E
O £ 20 ;gzo
270 s &
& S
] o
2 65 199
o 0

ABCDEFGHIJK ABCDEFGHI JK ABCDEFGHI JK

Fig. 4.

Ef?‘ects of different PBP strata on GFR, renal insufficiency prevalence and proteinuria
prevalence. GFR was expressed in mean+SE. A, B, C, D, E, F, G, H, I, J and K represents
<40mmHg, 40-49mmHg, 50-59mmHg, 60-69mmHg, 70-79mmHg, 80-89mmHg,
90-99mmHg, 100-109mmHg, 110-119mmHg, 120-129mmHg and 130-139mmHg,
respectively.
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Effects of obesity, hyperlipidemia or diabetes on renal insufficiency and proteinuria in the
elderly. Renal insufficiency rate and proteinuria rate of all the normotensive, hypotensive,
hypertensive subjects were used as control. *P<0.05 vs control.
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Characteristics of subjects in normotensive, hypotensive and hypertensive groups

Table 1

Variables Groups P
Normotensive Hypotensive Hypertensive
N 7745 1237 19276
Age (yr) 68.2+5.9 71.2+7.1 69.8+6.2 <0.0001
Male (%) 65.9 51.6 66.3 <0.0001
BMI (kg/m2) 23.643 22,543 24631  <0.0001
SBP (mmHg) 126+9.6 115+12 148+18.1 <0.0001
DBP (mmHg) 74+7.1 56+3.8 81+11.9 <0.0001
PBP (mmHg) 52+9.3 59+12.6 68+16.1 <0.0001
Cholesterol (mmol/L) 5+0.9 4.9+0.9 5+0.9 <0.01
Glucose (mmol/L) 5.3+1.4 5.3+1.3 5.6+1.5 <0.0001
BUN (mmol/L) 5.3+1.4 5.5+1.6 5.4+1.6 <0.0001
Scr (umol/L)) 73.8+185 72.8+20.4 77.8+283  <0.0001
UA (umol/L)) 311.6+82.8 302.4+86 329.7489.2 <0.0001
CKD-EPI eGFR (ml/min/1.73m?) 85.1+12.6 82.4+14 81.6+£14.5 <0.0001
Renal insufficiency (%) 4.6 8.1 8.4 <0.0001
Proteinuria (%) 8.2 8.7 16.7 <0.0001
Obesity (%) 7.1 3.7 12.2 <0.0001
Hyperlipidemia (%) 37.4 31.9 43.3 <0.0001
Diabetes (%) 13 14.9 19.6 <0.0001

Page 17

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; PBP, pulse pressure; BUN, blood urea nitrogen; Scr, serum
creatinine; UA, uric acid; CKD-EPI eGFR, estimated glomerular filtration rate by chronic Kidney Disease Epidemiology Collaboration formula
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Prevalence and odds ratio of renal insufficiency and proteinuria in different SBP strata

Table 3

SBP strata (mmHgQ) Renal Insufficiency Proteinuria
Prevalence (%) OR (95% CI) Prevalence (%) OR (95% ClI)
100-109 5.9 1.0 (reference) 7.7 1.0 (reference)
80-89 111 1.2(0.67-2.07) 196 2.6(1.63-4.10)"
90-99 7.0 0.5(0.26-1.04) 8.6 0.9(0.52-1.51)
110-119 56 0.8(0.57-1.07) 75 0.9(0.65-1.14)
120-129 5.8 0.8(0.62-1.10) 8.8 1.0(0.79-1.32)
130-139 6.3 0.9(0.68-1.17) 10.3 1.2(0.95-1.56)
140-149 6.8 0.9(0.70-1.22) 13.2 16(1.27-2.07)"
150-159 7.9 1.2(0.94-1.64) 17.2 2.2(1.72-2.81)"
160-169 93 1.5(1.09-1.93)" 217 2.9(2.29-3.78)"
170-179 108 1.5(1.04-2.16)" 26.8 3.9(2.99-5.05)"
180-189 135 1.5(1.14-2.10)" 307 4.0(3.00-5.05)"
190-199 165 2.7(1.76-4.04)" 35.9 6.8(5.00-9.98)"
200-209 194 3.2(1.81-5.72)" 40.4 7.1(5.32-13.71)"
210-220 230 3.4(1.91-5.89)" 46.7 9.3(5.81-14.90)"
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Prevalence is shown as percentage; OR is shown with 95% CI. Logistic regression was used to evaluate the ORs of different SBP strata with
100-109 mmHg stratum as reference. ORs, odds ratio; Cl, confidence interval.

P <0.05
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Prevalence and odds ratio of renal insufficiency and proteinuria in different DBP strata

Table 4

DBP strata (mmHg) Renal Insufficiency Proteinuria
Prevalence (%) OR (95% Cl)  Prevalence (%) OR (95% CI)
70-79 6.7 1.0 (reference) 11.9 1.0 (reference)
40-49 138 2.2(1.46-3.40)" 178 1.8(1.23-2.58)"
50-59 11 17(1.42-2.14)" 113 0.9(0.78-1.15)
60-69 85 1.3(1.14-1.47)" 112 0.9(0.84-1.05)
80-89 6.4 1.0(0.84-1.07) 14.3 12(1.13-1.35)"
90-99 7.1 1.2(1.01-1.36) 18.7 1.7(1.54-1.91)"
100-109 85 1.2(0.75-2.00) 25.6 2.6(2.17-3.00)"
110-119 120 1.3(0.98-1.60) 34.7 3.6(2.70-4.82)"
120-129 18.0 3.5(1.54-7.65)" 54.5 8.9(4.47-17.71)"
130-140 235 3.6(1.65-7.89)" 80.0 12.3(3.31-26.54)"
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Prevalence is shown as percentage; OR is shown with 95% CI. Logistic regression was used to evaluate the ORs of different SBP strata with 70-79
mmHg stratum as reference. OR, odds, ratio; Cl, confidence interval.

*
P <0.05.
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Prevalence and odds ratio of renal insufficiency and proteinuria in different PBP strata

Table 5

PBP strata (mmHg) Renal I nsufficiency Proteinuria
Prevalence (%) OR (95% ClI) Prevalence (%) OR (95% ClI)
40-49 5.4 1.0 (reference) 9.3 1.0 (reference)
<40 6.1 1.0(0.73-1.31) 12.0 1.2(0.96-1.49)
50-59 5.4 1.0(0.83-1.17) 10.1 1.1(0.96-1.25)
60-69 6.7 1.3(1.06-1.48)" 129 1.4(1.26-1.64)"
70-79 8.6 1.7(1.39-1.96)" 16.4 1.9(1.67-2.17)"
80-89 109 2.1(1.77-2.56)" 213 2.6(2.28-3.04)"
90-99 121 2.4(1.92-2.98)" 25.6 3.5(2.96-4.14)"
100-109 13.4 2.7(1.66-4.34)" 288 3.9(3.33-5.22)"
110-119 177 3.2(2.44-4.30)" 320 4.2(2.72-5.65)"
120-129 30.7 9.7(5.07-18.45)" 36.8 5.7(3.66-12.91)"
130-140 41.4 15.7(6.30-38.96)" 41.5 6.9(2.21-14.46)"
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Prevalence is shown as percentage; OR is shown with 95% CI. Logistic regression was used to evaluate the ORs of different SBP strata with 40-49
mmHg stratum as reference. OR, odds ratio; Cl, confidence interval.

*
P <0.05.
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