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The effect of different levels
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multimorbidity

YueYu'”’, Dan Wang?7, Zhizhen Guo3, Bixia Gao*, Jing Zhou?3, Yan Xu®, Yujie Chen?3,
Nan Geng?, Xiujuan Qi3, Shouling Wu®* & Junjuan Li3*

To explore the effect of different levels of systolic blood pressure (SBP) control on new-onset chronic
kidney disease in hypertension multimorbidity. The hypertensive patients with multimorbidity
information were enrolled from the Kailuan Study. The isolated hypertension patients undergoing
physical examination during the same period were selected in a 1:1 ratio as control. Finally, 12,897
participants were divided into six groups: Group SBP <110 mmHg, Group 110<SBP <120 mmHg,
Group 120 =<SBP <130 mmHg, Group 130 <SBP <140 mmHg, Group 140 <SBP <160 mmHg and Group
SBP 2160 mmHg. The outcomes were new-onset CKD, new onset proteinuria, decline in eGFR and
high or very high risk of CKD. Cox proportional hazards regression was used to examine the hazard
ratios (HRs) of the outcomes among SBP levels. When 110 <SBP <120 mmHg, the incidence density
of new-onset CKD, new onset proteinuria and decline in eGFR were 59.54, 20.23 and 29.96 per 1000
person-years, respectively. Compared to this group, the HR (95% Cl) values for the risk of new-onset
CKD from Group SBP <110 mmHg to Group SBP 2160 mmHg were 1.03 (0.81-1.32), 1.04 (0.91-1.19),
1.09 (0.95-1.16), 1.16 (1.02-1.21) and 1.18 (1.04-1.24), respectively. For patients over 65 years old,
the risks of outcomes were increased when SBP <120 mmHg. The lowest HR of high or very high risk of
CKD for participants with or without multimorbidity occurred when 120 < SBP <130 mmHg. The HR of
new-onset CKD in hypertension multimorbidity was lowest at 110-120 mmHg. The optimal SBP level
was between 120 and 130 mmHg for individuals with high or very high risk of CKD. For patients over
65 years old, the low limit of target BP is advised to be not lower than 120 mmHg.
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The prevalence of chronic kidney disease (CKD) worldwide is about 8-16%' and the latest data of China in
2023 was 8.2%>. Hypertension is one of the most important risk factors for CKD. Tae et al.> found that every
10 mmHg increase of the systolic blood pressure (SBP), the risk of CKD increased 35%, but compared with
120 <SBP <130 mmHg, the CKD risk decreased about 10% when SBP < 120 mmHg. However, the SPRINT
study showed that intensive blood pressure control (SBP <120 mmHg) actually increased the risk of all-cause
death in participants with SBP > 160 mmHg and the 10-year risk of cardiovascular events in the Framingham
Heart Study <31.3%*". The Chinese CKD cohort studies®” showed that the prevalence of hypertension in CKD
was 61.02% to 71.20%. Different guidelines for the treatment of hypertension®'° all set the starting treatment
blood pressure level for hypertension and hypertension with CKD at SBP > 140 mmHg and/or DBP >90 mmHg.
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However, there is no explicit indication of the low limit of target blood pressure value. Only the European
Society of Cardiology (ESC) guidelines stated that 120/70mmHg was a safe lower target blood pressure and
emphasized that SBP should not be less than 120 mmHg!!. The guidelines, however, were based on Randomized
Controlled trials (RCTs), and RCTs often exclude patients with multimorbidity. Studies have found that two
thirds of hypertensive individuals have more than one multimorbidity'?, such as diabetes and CKD. UKB data'?
and Chinese CHAP data' both indicate that hypertension is the most common component of multimorbidity,
accounting for 76.4% in China. However, there are few studies on the effect of low limit target SBP value on
new-onset CKD in hypertension multimorbidity. Therefore, we aim to use the Kailuan study to examine the
effect of different levels of SBP on the new-onset CKD and provide evidence for the low limit of SBP control in
hypertension multimorbidity.

Methods

Participants

The study was based on a subgroup of individuals with hypertension multimorbidity from the Kailuan Study
(registration No. ChiCTRTNRC-11001489), an ongoing prospective cohort study, on the effect of different levels
of SBP control on new-onset CKD in hypertension multimorbidity. The study has been followed up every 2 years
since 2006. The patients with chronic diseases such as hypertension, diabetes, stroke, CKD, and so on were fol-
lowed up at chronic disease clinics. Hypertensive patients with at least one of the above chronic diseases in the
Kailuan study (referred to as hypertension multimorbidity) were selected from the electronic medical record
system which was used in the chronic disease clinic since 2010. Hypertensive patients with no target organ dam-
age (negative urinary protein, no left ventricular hypertrophy on electrocardiogram) and no chronic diseases
(referred to as isolated hypertension) were matched 1:1 as control. This study was approved by the Ethics Com-
mittee of Kailuan General Hospital ([2006] Medical Ethics No. 5), all methods were performed in accordance
with the relevant guidelines and regulations, and all participants signed the informed consent.

The participants with missing data of serum creatinine or urine protein during follow-up were excluded. We
also excluded the participants with CKD at baseline and hypertensive patients who were diagnosed CKD at the
same time (CKD was defined as glomerular filtration rate <60 mL/min/1.73 m?* and/or positive urine protein
and/or renal replacement therapy (hemodialysis, peritoneal dialysis and renal transplantation)). Finally, 12,897
participants were included.

Data collection

Details on the self-administered questionnaires, physical examinations in the Kailuan Study could be found
elsewhere!>!6. We recorded in detail the medications taken by the participants by questionnaire surveys dur-
ing physical examination. The diagnosis and medication use of hypertension multimorbidity were obtained
through electronic records. The antihypertensive medications of hypertension multimorbidity included diuret-
ics, p-blockers, calcium channel blockers, angiotensin-converting enzyme inhibitors, angiotensin II receptor
blockers and others that can affect the blood pressure (such as nitrates, flunarizine, nicergoline, betamethazine,
propafenone, sedative, estazolam, chlorpromazine, morphine, bumetanide, terazosin, Tongxinluo, sodium and
glucose cotransporter-2 (SGLT-2) inhibitors). It should be noted that the traditional Chinese medicine antihy-
pertensive preparations were excluded.

Measurement of blood pressure

A protocol for measurements of an auscultatory BP was executed by a physician using a mercury sphygmoma-
nometer with appropriate cuff sizes. The midpoint of the right upper arm was ascertained by measuring the length
from the tip of the shoulder to the tip of the elbow and dividing this length by 2. The cuff was wrapped around
the straightened arm at the midpoint identified and the cuff was checked to ensure that it was neither too tight
nor too loose. Three readings in sitting position were measured after the participants had 15 min of quiet rest.
The average of 3 measurements was used for data analysis. Blood pressure measurement was changed to Omron
HBP-1300 medical electronic sphygmomanometer at the fourth follow-up (2014-2015).

Assessment of CKD outcome

The creatine oxidase method was used to obtain results for Creatinine, the reagent was provided by Shanghai
Mingdian Biotechnology Co., Ltd. The within batch CV was less than 10%, the relative range between batches
was less than 10%.

eGFR was calculated using the CKD-EPI (Chronic Kidney Disease Epidemiology Collaboration) formula!”.
In women, eGFR =144 x (sCr/0.7)7%3% x 0.993%¢¢ if sCr<0.7 mg/dL and 144 x (sCr/0.7)72% x 0.993%& if sCr
was>0.7 mg/dL. In men, eGFR =144 x (sCr/0.9)4!1 x 0.9934#° if sCr was <0.9 mg/dL and 144 x (sCr/0.9)*
% 0.99348 if sCr was > 0.9 mg/dL. Decline in eGFR was defined as eGFR <60 mL/min/1.73 m?.

A single random midstream morning urine sample was collected from each participant.

Urinalysis was performed using a dry chemistry method and a urine sediment detection method (H12-MA
urine analysis reagent strips and DIRUI N-600 urine routine detection analyzer sourced from Changchun Derui
Medical Technology Co., Ltd.). Urinary protein was measured using the semi-quantitative test strip method.
The results of proteinuria were recorded as negative (< 15 mg/dL), trace (15-29 mg/dL), 1+ (30-300 mg/dL),
2+(300-1000 mg/dL) or 3+ (> 1000 mg/dL). Positive proteinuria was further defined as urine dipstick reading
equal to or more than 1+.

In this study, CKD was defined and classified according to the status of eGFR and proteinuria. The participants
with eGFR <60 mL/min per 1.73 m? and/or positive proteinuria were considered as having CKD'®.
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We also examined the association between different SBP control levels and high or very high risk of CKD,
as defined by the Kidney Disease Improving Global Outcomes 2012 recommendations'®. Specifically, the eGFR
categories were defined as eGFR >90 mL/min per 1.73 m? (G1), 60-89 mL/min per 1.73 m? (G2), 45-59 mL/
min per 1.73 m? (G3a), 30-44 mL/min per 1.73 m? (G3b), 15-29 mL/min per 1.73 m? (G4), and < 15 mL/min
per 1.73 m? (G5); proteinuria categories were defined as negative and trace (<30 mg/dL, A1), 1+ (30-300 mg/
dL, A2), and 22+ (>300 mg/dL, A3). The participants with G1-2 and A3, or G3a and A2, or G3b and A1 were
defined as having high risk for CKD. The participants with G4-5 and A1, or G3b-5 and A2, or G3a-5 and A3
were defined as having very high risk for CKD.

Assessment of covariates

The fasting blood concentrations of glucose (FBG), low-and high-density lipoprotein cholesterol were measured
by enzymatic method using an autoanalyzer (Hitachi 747; Hitachi, Tokyo, Japan) at the central laboratory of
the Kailuan General Hospital. The specific methods used to detect other biochemical indicators in blood have
been published previously>.

Definitions of the related diseases

Hypertension was defined as SBP > 140 mmHg, DBP >90 mmHg, or current use of antihypertensive medications.
Diabetes was defined as fasting blood glucose >7.0 mmol/L or use of antidiabetic medications.
Hypertension multimorbidity was defined as hypertensive patients with at least one of the above chronic

diseases in the Kailuan study. Isolated hypertension was defined as hypertensive patients with no target organ

damage (negative urinary protein, no left ventricular hypertrophy on electrocardiogram) and no chronic diseases.

Follow-up times and determination of endpoint events

The endpoint of the outcomes was new-onset CKD, new-onset proteinuria, decline in eGFR and high or very high
risk of CKD. The start point was the first diagnosis time of chronic disease for hypertension multimorbidity and
the first diagnosis time of hypertension for isolated hypertension. If no adverse events occurred, the follow-up
endpoint was the last health examination (December 31, 2019).

Statistical analysis

All statistical analyses were performed with SAS version 9.4 (SAS Institute, Inc, Cary, NC). Categorical data
were presented as percentage, and continuous data were presented as mean + standard deviation. Non-normally
distributed continuous variables were expressed as the median (interquartile range). Group comparisons were
performed using one-way analysis of variance, and P <0.05 was regarded as significant for 2-sided tests.

The propensity score matching method was used to match hypertension multimorbidity and isolated hyper-
tension at a 1:1 ratio. Age and gender were included in the propensity score matching model and the caliper
value was taken as 0.2.

The participants were divided into six groups: Group SBP <110 mmHg, Group 110<SBP <120 mmHg,
Group 120 <SBP <130 mmHg, Group 130 <SBP <140 mmHg, Group 140 <SBP <160 mmHg and Group
SBP 2160 mmHg. A multivariate Cox proportional hazards model was used to analyze the effects of different
SBP control levels on outcomes.

The life table method was used to calculate the cumulative incidence of different outcomes. Restricted cubic
spline plots were used to analyze the dose-response relationship between SBP control level and outcomes with
the nodes at the 5th, 15th, 25th, and 35th percentiles of SBP, respectively.

To explore the effect of different levels of SBP control on the risk of CKD in different groups, we also per-
formed analysis according to age.

To test the robustness of the results, we performed two sensitivity analyses: (1) Fine-Gary competing-risk
model with non-CKD deaths as competing events; (2) After hypertension patients diagnosed CKD at the same
time were excluded, the Cox regression analysis was repeated.

Statement of ethics
This study was approved by the Ethics Committee of the Kailuan General Hospital. All participants provided writ-
ten informed consent. All methods were performed in accordance with the relevant guidelines and regulations.

Results

With follow-up to December 31, 2019, a total of 12,897 hypertension multimorbidity (10,602 males and 2295
females) with an average age of (60.7 + 8.8) years were enrolled. A total of 12,897 isolated hypertension (10,532
males and 2365 females) were selected.

The proportions of drinking and physical exercise were lower, the levels of BMI, TG, and FBG were higher,
and the levels of eGFR, TC, LDL-C and HDL-C were lower in hypertension multimorbidity than isolated hyper-
tension, and the differences were statistically significant (P <0.05). The baseline characteristics were shown in
Supplement Table 1.

The results showed that in hypertension multimorbidity, with the increase of baseline SBP level, the levels
of BMI, hs-CRP, TG gradually increased and the differences were statistically significant (P <0.01). Other data
were shown in Table 1.

Scientific Reports |

(2024) 14:19858 | https://doi.org/10.1038/s41598-024-71019-9 nature portfolio



www.nature.com/scientificreports/

SBP control level, nmHg Overall SBP<110 110<SBP<120 | 120<SBP<130 | 130<SBP<140 140<SBP <160 SBP >160 P value
N 12,897 220 678 1485 2198 4783 3533

Age, years 60.65+8.84 58.21+10.11 59.03£9.10 58.79+9.11 59.21+8.88 60.93+8.66 62.43£8.43 <0.001
Male, n (%) 10,602 (82.2) 166 (75.5) 545 (80.4) 1235 (83.2) 1811 (82.4) 3919 (81.9) 2926 (82.8) 0.104
Drinking, n (%) 560 (4.34) 7 (3.18) 29 (4.28) 67 (4.51) 91 (4.14) 221 (4.62) 145 (4.10) 0.878
Smoking, n (%) 2953 (22.9) 52 (23.6) 168 (24.8) 389 (26.2) 521 (23.7) 1077 (22.5) 746 (21.1) 0.006
Physical activity, n (%) 2353 (18.2) 30 (13.6) 119 (17.6) 251 (16.9) 420 (19.1) 883 (18.5) 650 (18.4) 0.375
BMI, kg/m? 26.25+3.38 24.25+2.96 25.52+3.33 25.70+3.26 26.20+3.28 26.40%3.35 26.58+3.47 <0.001
hs-CRP, mg/L, M (Q1-Q3) | 1.54 (0.63-3.40) | 1.21 (0.50-3.01) | 1.34 (0.60-2.84) | 1.38 (0.60-3.10) | 1.50 (0.60-3.26) | 1.54(0.62-3.34) | 1.70(0.70-3.67) | <0.001
eGFR, mL/min/1.73 m? 83.67+22.07 85.84+20.01 84.97+20.81 83.97+21.67 85.97£20.68 84.28+22.58 80.91+22.45 <0.001
TG, mmol/L 1.53 (1.07-2.30) | 1.27 (0.87-1.97) | 1.35(0.93-1.97) | 1.47 (1.06-2.20) | 1.48 (1.04-2.28) | 1.56 (1.09-2.36) | 1.58 (1.11-2.45) | <0.001
TC, mmol/L 5.09+1.57 481+1.44 485+1.74 5.05+2.59 5.00+1.30 511£1.35 520+1.39 <0.001
FBG, mmol/L 7.1942.94 6.62+3.06 6.50+2.89 6.9413.01 7.04%2.81 7.28+2.95 7.43+£2.94 <0.001
HDL-C, mmol/L 1.40+0.71 1.39+0.41 1.40+1.22 1.35+0.43 1.38+0.79 1.40+0.75 1.43+0.57 0.026
LDL-C, mmol/L 2.80+1.12 2.65+1.82 2.67+1.08 2.69+0.97 2.74+0.93 2.81+1.26 2.89+1.04 <0.001
;:e‘;‘;;se of hypertension, 6.70 (2.42-11.71) | 1.19 (1.00-6.84) | 3.85 (1.00-8.82) | 4.27 (1.00-9.51) |6.32 (2.31-10.83) |7.28 (2.79-12.15) | 8.44 (3.92-13.44) | <0.001
Number of diseases <0.001
One disease 6004 (46.6) 102 (46.4) 359 (52.9) 697 (46.9) 1056 (48.0) 2201 (46.0) 1589 (45.0)

Two diseases 4134 (32.1) 73 (33.2) 202 (29.8) 488 (32.9) 699 (31.8) 1542 (32.2) 1130 (32.0)

Three or more diseases 2759 (21.3) 45 (20.5) 117 (17.3) 300 (20.2) 443 (20.2) 1040 (21.7) 814 (23.0)

fl“(l;if;ype“ens“’e medication, | 1, 497 (100) 220 (100) 678 (100) 1485 (100) 2198 (100) 4783 (100) 3533 (100)

i“(ﬁf/i‘)ﬁabmc medication, 5430 (42.1) 70 (31.8) 239 (35.3) 596 (40.1) 900 (40.9) 2079 (43.5) 1546 (43.8) <0.001
Blood pressure met the 3819 (29.6) 219 (99.5) 664 (97.9) 1325 (89.2) 1611 (73.3) 0 0 <0.001
standard, n (%)

Table 1. The baseline characteristics of the hypertension multimorbidity. M (Q1-Q3), Median (25th
percentile, 75th percentile); Physical activity was defined as > 30 min of exercise 3 times per week; BMI

Body Mass Index, hs-CRP hypersensitive C-Reactive Protein, eGFR estimated glomerular filtration rate, TG
triglyceride, TC total cholesterol, FBG fasting blood glucose, HDL-C high density lipoprotein-cholesterol, LDL-
C low density lipoprotein-cholesterol; blood pressure met the standard, SBP < 140 mmHg and DBP <90 mmHg
(1 mmHg=0.133 kPa) after taking antihypertensive medication.

Incidence of CKD and Cox proportional hazards regression analysis

In hypertension multimorbidity, the incidence density of new-onset CKD, new onset proteinuria and high
or very high risk of CKD were lowest when 110 < SBP <120 mmHg, which were 59.54, 20.23 and 14.15 per
1000 person-years, respectively. However, the incidence density increased when SBP <110 mmHg. The inci-
dence density of the above outcomes gradually increased when SBP > 120 mmHg. When adjusted for relevant
covariates and with Group 110 <SBP < 120 mmHg as reference, analysis showed that the risk of new-onset CKD,
new onset proteinuria and decline in eGFR gradually increased with the increase of blood pressure level when
SBP > 120 mmHg. Furthermore, the risk of new-onset CKD increased when SBP <110 mmHg. The hazard ratio
(HR) and 95% confidence interval (CI) was 1.03 (0.81-1.32). However, for high or very high risk of CKD, when
120 <SBP <130 mmHg was used as reference, the risk gradually increased with the increase of blood pressure
level, and when SBP < 120 mmHg, the risk also increased (Table 2).

The lowest incidence density of new-onset CKD, new onset proteinuria and decline in eGFR were 22.79,
8.80, 17.58 per 1000 person-years, respectively, when SBP <110 mmHg in isolated hypertension. When
SBP =120 mmHg, the incidence density of CKD increased, but the incidence density of high or very high
risk of CKD was lowest in Group 120 < SBP <130 mmHg. With Group SBP <110 mmHg as reference, analysis
showed that when SBP > 110 mmHg, the risk of new-onset CKD gradually increased. For high or very high
risk of CKD, compared with Group 120 < SBP <130 mmHg, the risk increased when SBP <120 mmHg. When
SBP >130 mmHg, the risk gradually increased with the increase of blood pressure level (Table 3).

Stratified analysis
We tested the interaction between SBP and age (P interaction <0.05) and conducted stratified analysis
according to age. In participants aged < 65 years, the incidence density of the outcomes were lowest in Group
110<SBP <120 mmHg. Taking this group as reference, analysis showed that when SBP > 120 mmHg, the risks
of the outcomes gradually increased with the increase of blood pressure level; when SBP < 120 mmHg, the risks
of new-onset CKD, new onset proteinuria, high or very high risk of CKD increased (Supplement Table 2).

In participants aged > 65 years, when SBP < 120 mmHg, the incidence density of new-onset CKD, decline in
eGFR and high or very high risk of CKD increased to 79.67, 46.38, 19.67 per 1000 person-years, respectively.
However, the incidence density of new-onset proteinuria was lowest in Group 120 <SBP < 130 mmHg. Taking

Scientific Reports |

(2024) 14:19858 |

https://doi.org/10.1038/s41598-024-71019-9 nature portfolio



www.nature.com/scientificreports/

Multivariate COX regression Competing models for
model Time-dependent cox model | mortality risk
Case/n Incidence density (per 1000y) | HR (95% CI) P value HR (95% CI) Pvalue | HR (95% CI) P value
New-onset CKD 7274/12,897 | 60.51
SBP <110 mmHg 106/220 72.91 1.03 (0.81-1.32) 0.786| 1.07 (0.84-1.37) | 0.578 | 1.01(0.86-1.20) | 0.890
110 mmHg <SBP <120 mmHg | 321/678 59.54 Ref Ref Ref
120 mmHg<SBP <130 mmHg | 758/1485 62.27 1.04 (0.91-1.19) 0.586 | 1.04 (0.91-1.20) 0.568 | 1.04 (0.95-1.14) 0.405
130 mmHg <SBP <140 mmHg | 1177/2198 60.61 1.09 (0.95-1.16) 0.192 1.05 (0.92-1.19) 0.485 | 1.11(1.02-1.21) 0.021
140 mmHg < SBP <160 mmHg | 2759/4783 60.38 1.16 (1.02-1.21) 0.021 1.13 (1.00-1.28) 0.052 | 1.16 (1.03-1.30) 0.012
SBP >160 mmHg 2153/3533 59.68 1.18 (1.04-1.24) 0.011 1.20 (1.06-1.36) 0.005 | 1.27 (1.09-1.38) 0.001
P-trend: <0.001
New onset proteinuria 3571/12,897 | 24.11
SBP <110 mmHg 42/220 22.83 0.99 (0.68-1.46) 0.978 1 0.98 (0.67-1.44) 0.921 | 0.98(0.75-1.27) 0.857
110 mmHg <SBP <120 mmHg | 134/678 20.23 Ref Ref Ref
120 mmHg <SBP <130 mmHg | 314/1485 20.73 1.02 (0.82-1.26) 0.890 | 1.00 (0.80-1.23) 0.970 |0.99 (0.87-1.14) 0.899
130 mmHg < SBP <140 mmHg | 541/2198 22.64 1.17 (0.96-1.43) 0.120 1.11 (0.91-1.36) 0.303 | 1.12(0.98-1.28) 0.086
140 mmHg <SBP <160 mmHg | 1321/4783 23.32 1.29 (1.06-1.55) 0.009 | 1.24 (1.02-1.49) 0.028 | 1.19(1.10-1.41) 0.039
SBP >160 mmHg 1219/3533 27.71 1.57 (1.30-1.90) <0.001| 1.57 (1.29-1.89) | <0.001 1.39 (1.17-1.64) <0.001
P-trend: <0.001
Decline in eGFR 4275/12,897 | 30.94
SBP <110 mmHg 58/220 34.76 0.94 (0.66-1.33) 0.709 | 1.00 (0.71-1.42) 0.986 | 0.97 (0.78-1.20) 0.758
110 mmHg<SBP <120 mmHg | 185/678 29.96 Ref Ref Ref
120 mmHg <SBP <130 mmHg | 457/1485 33.14 1.19 (0.91-1.19) 0.069 | 1.15 (0.95-1.39) 0.158 | 1.11 (0.99-1.55) 0.071
130 mmHg <SBP <140 mmHg | 657/2198 29.30 1.16 (0.95-1.16) 0.116 | 1.07 (0.89-1.28) 0.467 | 1.12(1.00-1.25) 0.050
140 mmHg <SBP <160 mmHg | 1615/4783 30.76 1.31 (1.02-1.21) 0.002 | 1.20 (1.01-1.42) 0.036 | 1.19(1.03-1.37) 0.022
SBP>160 mmHg 1303/3533 31.30 1.37 (1.04-1.24) <0.001 | 1.26 (1.06-1.50) 0.008 | 1.28 (1.10-1.48) 0.001
P-trend: <0.001
High or very high risk of CKD 2721/12,897 | 17.42
SBP <110 mmHg 33/220 17.08 1.21 (0.84-1.74) 0.311 1.22 (0.84-1.75) 0.292 | 1.06 (0.80-1.42) 0.699
110 mmHg <SBP <120 mmHg | 99/678 14.15 1.02 (0.81-1.29) 0.854 | 1.03 (0.82-1.31) 0.789 | 1.01(0.85-1.19) 0.950
120 mmHg<SBP <130 mmHg | 229/1485 14.23 Ref Ref Ref
130 mmHg <SBP <140 mmHg | 395/2198 15.65 1.13 (0.96-1.33) 0.156 | 1.09 (0.93-1.28) 0.300 1.12 (1.00-1.27) 0.050
140 mmHg <SBP <160 mmHg | 1018/4783 17.10 1.24 (1.07-1.43) 0.004 | 1.22 (1.06-1.41) 0.007 | 1.20 (1.02-1.42) 0.031
SBP>160 mmHg 947/3533 20.39 1.49 (1.28-1.72) <0.001 | 1.51 (1.30-1.75) | <0.001 |1.41(1.19-1.67) | <0.001
P-trend: <0.001

Table 2. The incidence and the multivariate COX regression model of new-onset CKD among hypertension

multimorbidity. The model was adjusted for age, sex, smoking, drinking, physical exercise, BMI, FBG, TC, and
course of hypertension.

this group as reference, analysis showed that when SBP > 130 mmHg, the risk of new-onset CKD and new onset
proteinuria increased gradually; when SBP <120 mmHg, the risk of new-onset CKD increased. The HR and 95%
CI was 1.36 (1.08-1.72). However, for high or very high risk of CKD, the incidence density was lowest in Group
130 < SBP < 140 mmHg. Taking this group as reference, when SBP > 130 mmHg, the risk of incidence gradually
increased with the increase of blood pressure level (Supplement Table 3).

Restricted cubic spline analysis

The results showed that there was no linear dose-response relationship between SBP and the outcomes in hyper-
tension multimorbidity after adjusting for factors such as age and gender (P trend > 0.05, P non-linear > 0.05).
(As shown in Figs. 1, 2, 3, 4).

Discussion

In this study, diabetes was the most common multimorbidity (54.97%). The prevalence of CKD was 60.5 per 1000
person-years in hypertension multimorbidity and 32.58 per 1000 person-years in isolated hypertension. Cohort
study by Wang et al.'” showed that the incidence density of CKD was higher when hypertension was combined
with diabetes than isolated hypertension, which supported our results. Wang et al.?’ found that the incidence of
CKD in elderly patients with hypertension and diabetes was 18.10%, which was higher than in patients without
hypertension (13.60%). Seid et al.?! found that the incidence of CKD in patients with hypertension and diabetes
was 3.52 times higher than that in patients without hypertension and diabetes. Pepine et al.*? also found that the
risk of cardiovascular events was increased in hypertension multimorbidity, such as coronary heart disease and
diabetes, which indirectly supported our findings.
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Multivariate COX regression
model
Case/n Incidence density (per 1000y) | HR (95% CI) P value
New-onset CKD 4685/12,897 | 32.58
SBP <110 mmHg 30/124 22.79 Ref
110 mmHg < SBP <120 mmHg 192/569 32.96 1.53 (1.00-2.32) 0.048
120 mmHg <SBP <130 mmHg 462/1473 30.09 1.44 (0.96-2.16) 0.075
130 mmHg <SBP < 140 mmHg 807/2438 31.63 1.68 (1.13-2.51) 0.011
140 mmHg < SBP <160 mmHg 1851/5016 32.98 2.20 (1.44-3.36) <0.001
SBP>160 mmHg 1343/3277 33.88 2.28 (1.50-3.49) <0.001
P-trend: <0.001
New onset proteinuria 2114/12,897 | 12.57
SBP <110 mmHg 13/124 8.80 Ref
110 mmHg < SBP <120 mmHg 96/569 14.49 1.69 (0.93-3.08) 0.087
120 mmHg <SBP <130 mmHg 206/1473 11.72 1.37 (0.77-2.45) 0.290
130 mmHg < SBP < 140 mmHg 363/2438 12.31 1.53 (0.86-2.73) 0.148
140 mmHg < SBP <160 mmHg 811/5016 12.28 1.81 (0.99-3.33) 0.055
SBP >160 mmHg 625/3277 13.31 2.00 (1.09-3.68) 0.026
P-trend: 0.008
Decline in eGFR 3229/12,897 | 20.91
SBP <110 mmHg 24/124 17.58 Ref
110 mmHg <SBP <120 mmHg 125/569 19.84 1.14 (0.70-1.83) 0.605
120 mmHg < SBP <130 mmHg 307/1473 18.69 1.14 (0.72-1.79) 0.579
130 mmHg < SBP < 140 mmHg 548/2438 19.92 1.36 (0.87-2.13) 0.182
140 mmHg < SBP <160 mmHg 1271/5016 21.08 1.78 (1.10-2.88) 0.018
SBP >160mmHg 954/3277 22.43 1.89 (1.17-3.06) 0.010
P-trend: <0.001
High or very high risk of CKD 1357/12,897 7.81
SBP <110 mmHg 12/124 8.11 1.21 (0.67-2.18) 0.539
110 mmHg < SBP <120 mmHg 56/569 8.02 1.20 (0.87-1.65) 0.266
120 mmHg < SBP <130 mmHg 121/1473 6.62 Ref
130 mmHg < SBP < 140 mmHg 232/2438 7.57 1.19 (0.95-1.49) 0.126
140 mmHg < SBP <160 mmHg 527/5016 7.74 1.41 (1.04-1.93) 0.029
SBP>160mmHg 409/3277 8.46 1.54 (1.12-2.11) 0.008
P-trend: 0.040

Table 3. The incidence and the Multivariate COX regression model of new-onset CKD among isolated
hypertension. The model was adjusted for age, sex, smoking, drinking, physical exercise, BMI, FBG, TC, and
course of hypertension.

We also found that the incidence density of CKD was lowest in Group 110 < SBP <120 mmHg in hyperten-
sion multimorbidity. This finding was similar to the SPRINT study*, which showed, compared to standard BP
control (SBP < 140 mmHg), intensive BP control (SBP <120 mmHg) could reduce the composite CVD outcome
by 25% and provided additional benefit for patients with CKD. However, this study failed to provide a lower
limit target of SBP and our study filled this knowledge gap.

We also found that different SBP levels were associated with the risk of CKD. The risk of new-onset CKD was
lowest in Group 110 < SBP <120 mmHg in hypertension multimorbidity. The meta-analysis showed that intensive
anti-hypertensive treatment (blood pressure < 125/73 mmHg) was significantly associated with a lower risk of
developing macroalbuminuria than the blood pressure level of 134/79 mmHg in patients with type 2 diabetes®.
According to CARDIA Study, the change in kidney function among young adults (18-30 years) who did not have
CKD or hypertension was 0.52 mL/min/1.73 m? in the first decade of follow-up?. All above results supported
our findings. However, the ACCORD study?® found that intensive blood pressure control (mean SBP level of
119.3 mmHg) failed to reduce the incidence of cardiovascular composite outcomes in patients with hypertension
and diabetes compared with the mean SBP level of 133.5 mmHg, but increased the corresponding side effects.
This may be due to the fact that the HbA1c target was too low, or the intensive-treatment group used more oral
agents and therefore had a higher risk of severe hypoglycemic events. Michal Bohm’s study*” also supported that
blood pressure should not be lower than 120/70 mmHg in patients with hypertension and diabetes. All these
data indicated that we should pay attention to multimorbidity.

For high or very high risk of CKD, the risk of CKD was lowest in Group 120 < SBP < 130 mmHg with multi-
morbidity or not. Meta-analysis showed that blood pressure level of 125/73 mmHg was associated with a lower
risk of composite kidney disease than 134/79 mmHg?*. Another meta-analysis also found that in high-risk
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Fig. 1. Restricted cubic spline plots for new-onset CKD by SBP control level.
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Fig. 2. Restricted cubic spline plots for new onset proteinuria by SBP control level.

population with SBP < 140 mmHyg, intensifying blood pressure control yield even greater benefits*®. Therefore,
for high or very high risk of CKD, regardless of multimorbidity, the range of blood pressure control could be
appropriately relaxed.

We further stratified by age and found that for those aged <65 years the risk of CKD was lowest in
Group 110 <SBP < 120 mmHg, whereas for those aged > 65 years the risk of CKD was lowest in Group
120 <SBP <130 mmHg. VALISH Study found that the risk of cardiovascular disease and all-cause mortality were
lowest with SBP between 130-140 mmHg among patients aged 70-84 years with isolated systolic hypertension®.
Meta analysis showed that lowering blood pressure to 150/80 mmHg in patients > 65 years of age reduced car-
diovascular disease and all-cause mortality®. But none of the above studies provided low limit target of blood

pressure, and our study filled the gap.
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Fig. 3. Restricted cubic spline plots for decline in eGFR by SBP control level.
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Fig. 4. Restricted cubic spline plots for high or very high risk of CKD by SBP control level.

We also found that at the same level of SBP, the risk of the outcomes in hypertension multimorbidity were
higher than that in isolated hypertension (Supplement Table 4).This finding was consistent with the results
reported by Michael Bom?’, who found that both the relative and absolute risks of hypertension combined with
diabetes were higher than those of hypertension alone. This also suggested that patients with hypertension mul-
timorbidity should not only control blood pressure, but also treat multimorbidity positively.

Hypertension can cause renal damage and renal damage can exacerbate hypertension. The classical pathogen-
esis of hypertensive CKD mainly includes water and sodium retention, increased activity of renin-angiotensin
system®!, increased synthesis of endothelin®. The mechanism is complex for hypertension multimorbidity®.
Hypertension combined with diabetes might promote renal injury by increasing intraglomerular pressure, and
activation of hypertensive mechanical transduction signals may amplify the metabolic effects of diabetes, leading
to renal cell damage through a vicious cycle of impaired Ca?* homeostasis, mitochondrial dysfunction. Moreover,
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hypertension could lead to renal organic damage®*. However, for high or very high risk of CKD, the higher level
of proteinuria lead to faster decrease of glomerular filtration rate’>-*” and the renal blood flow. Therefore, the
control level of SBP should be appropriately relaxed to prevent the aggravation of renal ischemia for high or
very high risk of CKD.

Our cohort was large, basically stable, with a long duration of follow-up. Our observation period was 12 years,
with a mean follow-up of 7 years, which was longer than most RCTS, so the results could be extended to clini-
cal practice. But it also had several limitations. Firstly, most of the participants were male coal miners living in
northern China. Therefore, women were underrepresented, and the findings may not be directly generalizable to
other populations. Secondly, given the effect of blood-pressure dynamics on adverse outcomes during follow-up,
we performed time-varying Cox regression analyses with follow-up of SBP every 2 years, and the results were
consistent with those of the main model. In addition, the medication information of isolated hypertension was
obtained from questionnaires, which may be underreported due to memory bias. At the same time, data on
medication frequency were not available, but we minimized these errors by collecting information from multi-
ple questionnaires. Finally, the number of multimorbidity reached 34, but diabetes and coronary heart disease
were the main multimorbidity, which was consistent with Quifiones et al.*® study and the development trend of
multimorbidity. More comprehensive data should be collected.

Conclusions

In conclusion, when SBP was controlled between 110-120 mmHg, the risk of new on-set CKD was lowest among
hypertension multimorbidity, and when SBP < 110 mmHg the risk of new-onset CKD was lowest in isolated
hypertension. The optimal SBP control level was between 120 and 130 mmHg for individuals with high or very
high risk of CKD. For patients aged over 65 years old, the low limit of target BP is advised to be not lower than
120 mmHg.

Data availability

The datasets used and analysed during the current study available from the corresponding author on reason-
able request. All data generated or analysed during this study are included in this article and its supplementary
information files.
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