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The cardiovascular-kidney-metabolic (CKM) syndrome consists of four progressive stages and is characterized by the interaction of
metabolic risk factors, chronic kidney disease (CKD), and cardiovascular disease (CVD). We assessed the prevalence of hypertension
in CKM and its role in progression to more advanced stages. We included 2118 Black adults from the Jackson Heart Study without a
history of coronary heart disease, heart failure, stroke or stage 0 CKM (normal weight, no metabolic risk factors or CVD) at baseline.
Participants were categorized into CKD stage: Stage 1: overweight/obesity, abdominal obesity or dysfunctional adipose tissue

without metabolic risk factors or subclinical CVD; Stage 2: metabolic risk factors (hypertension, diabetes, hypertriglyceridemia,

metabolic syndrome or CKD); or Stage 3: subclinical CVD. We used Cox proportional hazards regression to estimate the hazard ratio
(HR) of developing stage 4 CKM, defined by a CVD event, in participants with hypertension and stages 2 and 3 CKM. At baseline,
20.2, 69.1 and 10.6% of participants had stage 1, 2 and 3 CKM, respectively. Hypertension was the most common metabolic risk
factor in participants with stage 2 and 3 CKM with a prevalence of 80 and 95%, respectively. Incidence rates (95%Cl) of stage 4 CKM
per 1000 person-years were 1.4 (0.4, 2.4) for stage 1 CKM, 7.5 (6.1, 8.9) for stage 2 CKM with hypertension, and 26.6 (19.8, 33.3) for
stage 3 CKM with hypertension. The HRs (95% Cl) for developing stage 4 CKM were 3.25 (1.56, 6.80) and 5.11 (2.05,12.78) among
participants with hypertension and stage 2 and 3 CKM versus stage 1 CKM, respectively. Hypertension was associated with an

increased risk for progression to stage 4 CKM among Black adults.
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INTRODUCTION

In 2023, the American Heart Association (AHA) published a
presidential advisory on Cardiovascular-Kidney-Metabolic (CKM)
health that provided a comprehensive approach for the preven-
tion, early detection, and management of CKM syndrome [1]. The
CKM syndrome is characterized by the interaction of metabolic
risk factors, chronic kidney disease (CKD) and cardiovascular
disease (CVD) which lead to multi-organ dysfunction and adverse
cardiovascular outcomes. The advisory defined 4 mutually
exclusive CKM stages: Stage 1: having overweight/obese, abdom-
inal obesity or dysfunctional adipose tissue, having no other
metabolic risk factors and no subclinical or clinical CVD; Stage 2:
the presence of metabolic risk factors including hypertension,
diabetes, high serum triglycerides, moderate to high-risk CKD, and
the metabolic syndrome, without sub-clinical or clinical CVD;
Stage 3: the presence of subclinical CVD or high-risk CKD but not
clinical CVD among adults with overweight/obese or abdominal
obesity or dysfunctional adipose tissue or having one or more
metabolic risk factor, and Stage 4: the presence of clinical CVD
among adults with overweight/obesity, abdominal obesity, or

dysfunctional adipose tissue or having one or more metabolic risk
factor [1]. A cross-sectional analysis of the National Health and
Nutrition Examination Survey (NHANES) reported almost 90% of
US adults met the criteria for stage 1 through 4 CKM [2]. However,
that analysis was unable to investigate factors contributing to the
transition from stages 2 and 3 CKM to stage 4 CKM. Identifying
such factors may allow for directed interventions to potentially
prevent clinical CVD.

The prevalence of hypertension is high among US adults [3],
and is more common in those with obesity, abdominal obesity
and dysfunctional adipose tissue [4, 5]. Compared to their
counterparts without hypertension, adults with hypertension have
a higher prevalence of subclinical CVD, and increased risk for CKD,
clinical CVD, and mortality [4]. Determining the association of
hypertension with the progression of CKM syndrome may inform
prevention strategies aimed at controlling blood pressure (BP) in
earlier stages of CKM. The goal of the current study was to
determine the prevalence of hypertension in Black adults with
stage 2 and 3 CKM and to assess its association with the
progression to stage 4 CKM. For comparison, we determined the
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prevalence of the other metabolic risk factors in the CKM
syndrome including diabetes, high serum triglycerides, moderate
to high-risk CKD and the metabolic syndrome, and their
association with progression to stage 4 CKM. To accomplish these
goals, we analyzed data from the Jackson Heart Study (JHS), a
cohort of Black US adults.

METHODS

Study population

The JHS enrolled 5306 Black men and women from the Jackson, Mississippi
metropolitan area to study CVD among Black [6]. After a baseline visit in
2000-2004, follow-up visits were conducted in 2005-2008 and 2009-2013.
For the current analysis, we excluded participants who had a history of CHD
or stroke at baseline or a history of heart failure before 1/1/2005, when
follow-up for heart failure began, and participants who were missing data for
covariates at baseline, including age, sex, education, smoking, and alcohol
consumption. Additionally, we excluded participants who were missing data
on the variables used to define CKM stages, those who did not have data on
clinical CVD events during follow up and participants who did not have left
ventricular mass index (LVMI) measured at baseline. We excluded
participants with CKM stage 0 at baseline (Table S1) or participants who
had subclinical CVD at baseline but did not have obesity or overweight,
abdominal obesity, dysfunctional adipose tissue or metabolic risk factors as
they do not meet the criteria for any CKM stage [1].

Ethics approval and consent to participate. Institutional Review Board
approval was obtained from the University of Mississippi Medical Center,
Jackson State University, and Tougaloo College the University of Alabama
at Birmingham, and all participants provided written informed consent. All
methods were performed in accordance with the relevant guidelines and
regulations.

Data collection

At baseline, participants completed an in-home interview and study visit
where trained staff collected self-reported sociodemographic character-
istics, lifestyle behaviors, medication use and medical history [6]. Pill bottles
for prescription and over the counter medications taken in the two weeks
before the study examination were reviewed and names of medications
were recorded and categorized by class.

During the study visit, research staff measured height, weight, waist
circumference, BP, and collected blood and urine samples. A description of
BP measurement techniques used in the JHS have been previously
published [7, 8]. In brief, BP was measured by trained technicians following
a standardized protocol [6, 7, 9]. Participants’ right arms were fitted with an
appropriately-size cuff. Participants sat upright and rested for at least 5 min
with their back and arms supported, feet flat on floor, legs uncrossed. Two
BP measurements were performed with 1 min rest in between using a
random-zero sphygmomanometer (Hawksley and Sons, Ltd). The JHS
Coordinating Center implemented quality control procedures, including
monitoring for digit preference by individual staff and evaluating
consistency in mean BP readings within and across technicians. Measure-
ments were calibrated to a semi-automated device following a calibration
study [8]. These two measurements were averaged for analysis.

Albumin and creatinine were quantified from a 24-hour urine collection
or from a spot urine sample using the nephelometric immunoassay and
enzymatic methods [7]. Albuminuria was defined as urine albumin to urine
creatinine ratio (ACR)>30mg/g [10]. Serum creatinine was measured
using enzymatic methods and calibrated to isotope dilution mass
spectroscopy traceable creatinine [11]. Estimated glomerular filtration rate
(eGFR) was calculated using serum creatinine values and the 2021 Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI) non race-specific
equations [10]. Echocardiography was performed at the baseline visit by a
trained sonographer using standardized protocols (Sonos-4500; Philips
Medical Systems) [12, 13]. Left ventricular mass was indexed to body
surface area (LVMI). Left ventricular hypertrophy (LVH) was defined as
LVMI = 96 g/m? in women and =116 g/m? in men [14].

Definition of CKM stages 1, 2 and 3

CKM stages and dysfunctional adipose tissue were defined according to
the 2023 AHA Presidential Advisory as described in the introduction and
Table S1 [1]. Hypertension was defined as self-reported antihypertensive
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medication use, diastolic BP

(DBP) = 80 mm Hg.

systolic BP (SBP)>130mm Hg, or

Definition of incident stage 4 CKM

Incident stage 4 CKM was defined as having a CVD event including
coronary heart disease (CHD), heart failure, or stroke during follow-up.
Potential events were identified during annual follow-up interviews and
through surveillance of local hospital discharge records. Medical records
were adjudicated to confirm diagnoses. Incident CHD was defined as the
first occurrence of a definite or probable myocardial infarction, definite
fatal myocardial infarction, or definite fatal CHD [15]. A computer-
generated diagnosis and physician adjudication were used to classify
hospitalized and fatal stroke events and type of stroke event. CHD and
stroke events were adjudicated from baseline through December 31, 2016,
the last date currently available in the JHS. Incident heart failure
hospitalization was identified through annual telephone interviews and
hospital discharge lists [15-17]. Heart failure events were adjudicated from
January 1, 2005 through December 31, 2016 and events were confirmed
through review of medical records by trained medical personnel [15].

Statistical analysis

We described the demographic and clinical characteristics of participants
at baseline with CKM stages 1, 2 and 3, separately, using means with
standard deviations and proportions. We calculated the prevalence of
overweight/obesity, abdominal obesity, dysfunctional adipose tissue,
hypertension, diabetes, hypertriglyceridemia, metabolic syndrome, mod-
erate to high-risk CKD for participants with stage 2 and stage 3 CKM,
separately. Next, we calculated the proportion of participants with 1, 2, 3, 4,
and 5 metabolic risk factors and combinations of these risk factors among
participants with stage 2 and stage 3 CKM, separately.

We estimated the incidence rate of stage 4 CKM for participants with
stage 1, 2 and 3 CKM, overall, and with each metabolic risk factor among
participants with stage 2 CKM and stage 3 CKM at baseline. Follow-up
continued from baseline until incident stage 4 CKM or administrative
censoring at the last JHS contact or December 31, 2016, whichever
occurred first. We used Cox proportional hazards models to estimate the
hazard ratio (HR) for incident stage 4 CKM associated with each metabolic
risk factor among participants with stage 2 CKM versus participants with
stage 1 CKM. Stage 1 CKM participants, by definition, had no metabolic risk
factors. Models were adjusted sequentially: Model 1 included adjustment
for age, sex, and education; Model 2 included the variables in Model 1 and
smoking and alcohol use; and Model 3 included the variables in Model 2
and BMI. Variables included for adjustment were chosen to account for
potential confounders while maintaining parsimony in our modeling
approach.

The majority of participants with stage 2 or stage 3 CKM had more than
1 metabolic risk factor, with hypertension being the most common.
Therefore, in a post-hoc analysis, we calculated the incidence rate of stage
4 CKM for participants with stage 2 and stage 3 CKM, separately, who were
(1) without hypertension but with one or more of the other metabolic risk
factors, (2) with hypertension and one or more of the other metabolic risk
factors and (3) with hypertension but with no other metabolic risk factors.
Among these groups, we used Cox models to estimate the HR for incident
stage 4 CKM associated with having hypertension with other metabolic risk
factors or with having hypertension with no other metabolic risk factors
compared to participants without hypertension but who had other
metabolic risk factors. We used three levels of adjustment as described
above. In secondary analysis, we used Cox models to estimate the HR for
developing stage 4 CKM comparing participants with versus without each
metabolic risk factor for participants with stage 2 CKM and stage 3 CKM,
separately.

RESULTS

Characteristics of JHS adults with stage 1, 2 and 3 CKM

Of the 5306 JHS participants, 2118 were included after excluding
those with baseline CVD (n = 1025), missing covariates (n = 709),
missing LVMI (n = 1187), CKM stage 0 (n = 262), and participants
who did not fit the criteria for stage 1, 2 or 3 CKM (n=5)
(Figure S1). At baseline, 20.2, 69.1 and 10.6% had stage 1, 2, and 3
CKM at baseline, respectively (Table 1). Participants with higher
stages of the CKM syndrome were older, more likely to have less
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Table 1.
N=2118.

Baseline characteristics of Jackson Heart Study participants with stage 1, 2 and 3 Cardiovascular-Kidney-Metabolic (CKM) syndrome,

Cardiovascular-Kidney-Metabolic syndrome stage

Stage 1 N =429 (20.2%)

Demographics
43.8+10.8
127 (29.6%)

Age, years

Male sex, n (%)
Socioeconomic characteristics
24 (5.5%)
37 (8.6%)
239 (55.7%)

Less than high school education, n (%)

Current smoking, n (%)

Current alcohol use, n (%)

Vital signs and anthropometric measurements

Systolic blood pressure, mmHg 112.8+8.3
Diastolic blood pressure, mmHg 714+56
Body mass index, kg/m? 31.2£6.1
Waist circumference, cm 96.4 + 14.1
Laboratory values

Hemoglobin A1C, n (%) 53+04
Fasting blood glucose, mg/dL 86.3+6.7
Triglyceride, mg/dL 71.6+23.6
Total cholesterol, mg/dL 187.2+36.2
High Density Lipoprotein cholesterol, mg/dL 51.6+143
eGFR, mL/min/1.73m? 86.9+12.9
Serum triglycerides > 150 mg/dL, n (%) 0 (0%)

Low High Density Lipoprotein cholesterol’, n (%) 150 (34.9%)
Fasting blood glucose concentration > 100 mg/dL, n 10 (2.3%)
(%)

Medical history

Chronic Kidney Disease stagez, n (%)

1 171 (39.8%)
2 0(0%)

3 0(0%)

4 0(0%)

5 0(0%)
PREVENT equation 10-year total CVD risk % 1.9+224
Medication use, n (%)

Antihypertensive medications 0(0%)
Glucose lowering medications 0(0%)

Lipid lowering medications 14 (3.26%)

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

Stage 2 N = 1464 (69.1%) Stage 3 N =225 (10.6%)

523+10.6
539 (36.8%)

64.5+11.2
73 (32.4%)

161 (11.0%)
158 (10.7%)
708 (48.3%)

74 (28.5%)
31 (13.8%)
65 (28.8%)

126.9+ 14.1 139.6 £ 19.7
77.3+8.2 76.0+9.6
323+6.3 343+75
101.4+£14.1 106.9+ 154
58+1.1 6.4+13
98.6 +28.9 1144+ 46.0
112.1 £68.2 120.5+95.0
201.6+37.6 203.1+41.2
50.7+13.7 51.9+11.9
779+13.7 66.2+18.1

277 (18.9%)
575 (39.2%)
387 (26.4%)

45 (20.0%)
92 (40.8%)
100 (44.4%)

281 (19.1%)
456 (31.1%)
119 (8.1%)

14 (6.2%)
75 (33.3%)
56 (24.8%)

0(0%) 8 (3.5%)
0(0%) 2 (0.8%)
6.3+5.0 19.1+10.3

718 (49.04%)
146 (9.9%)
160 (10.9%)

181 (80.4%)
71 (31.5%)
41 (18.2%)

1. Low High-Density Lipoprotein: <40 mg/dL for men and <50 mg/dL for women.
2. Chronic Kidney Disease stages: Stage 1= eGFR >= 90 mL mL/min/1.73m? with albuminuria urine albumin to urine creatinine ratio based on spot or 24-hour
urine values - ACR>30mg/g); Stage 2 = eGFR: 60-89 mL/min/1.73m? with albuminuria; Stage 3 = eGFR 30-59 mL/min/1.73m? Stage 4 = eGFR

14-29 mL/min/1.73m? Stage 5 = eGFR <15 mL/min/1.73m?

eGFR estimated glomerular filtration rate; PREVENT equation American Heart Association Predicting Risk of Cardiovascular Disease Events equation,

CVD cardiovascular disease.

than high school education, smoke, not drink alcohol, and had
higher SBP, DBP, BMI, waist circumference, hemoglobin Alc
(HbA1¢), fasting blood glucose, serum triglycerides, total choles-
terol and had lower eGFR. SBP and DBP distribution by CKM stage
are shown in Figure S2 and S3, respectively.

Common metabolic risk factors in JHS adults with stage 2
and 3 CKM

All participants with stage 2 and stage 3 CKM had obesity,
abdominal obesity or dysfunctional adipose tissue (Table 2).

SPRINGER NATURE

Hypertension was the most common metabolic risk factor among
participants with stage 2 and stage 3 CKM. The three most common
metabolic risk factor combinations among participants with stage 2
CKM, whether as single conditions or in combination with other
conditions, were: 1) hypertension alone, 2) hypertension with
moderate-high risk CKD, and 3) hypertension with metabolic
syndrome (Figure S4). Among participants with stage 3 CKM, the
three most common metabolic risk factor combinations, whether as
single conditions or in combination with other conditions, were: 1)
hypertension alone, 2) hypertension with moderate-high risk CKD,
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Table 2. Prevalence of obesity/overweight, abdominal obesity,
dysfunctional adipose tissue, metabolic risk factors, and subclinical
cardiovascular disease among Jackson Heart Study participants with
stage 2 and 3 Cardiovascular-Kidney-Metabolic (CKM) syndrome at
baseline.

Cardiovascular-Kidney-
Metabolic syndrome stage

Stage 2
(N =1464)

Stage 3
(N =225)

Metabolic Risk Factors, n (%)

Overweight/obesity, abdominal obesity, dysfunctional adipose
tissue

Obesity
Abdominal obesity

1399 (95.5%)
1010 (68.9%)
704 (48.1%)

1464 (100%)

210 (93.3%)
180 (80.0%)
114 (50.7%)
225 (100%)

Dysfunctional adipose tissue

Obesity, abdominal obesity, or
dysfunctional adipose tissue

Metabolic risk factors
Hypertension, %
Diabetes, %
Hypertriglyceridemia, %
Moderate - High risk CKD
Metabolic syndrome

1166 (79.6%)
232 (15.8%)
461 (31.4%)
575 (39.2%)
623 (42.5%)
Number of metabolic risk factors, n (%)

214 (95.1%)
99 (44.0%)
72 (32.0%)
131 (58.2%)
131 (58.2%)

0 0 (0%) 0 (0%)

1 544 (37.1%) 40 (17.7%)
2 439 (29.9%) 45 (20.0%)
3 308 (21.0%) 62 (27.5%)
4 154 (10.5%) 59 (26.2%)
5 19 (1.3%) 19 (8.4%)
Subclinical CVD, n (%)

Left ventricular hypertrophy 0 (0%) 117 (52.0%)
High risk CVD (PREVENT 0 (0%) 132 (58.6%)

equation 10-year total CVD risk

> 20%)

Obesity: Body Mass Index > 25 kg/m?.

Abdominal obesity: waist circumference > 102 cm for men and > 88 cm for
women.

Dysfunctional adipose tissue: fasting blood glucose > 100-124 mg/dL and/
or Hemoglobin Alc (HbA1c) between 5.7% and 6.4%.

See Table S1 for the definitions of the metabolic risk factors.

CKD chronic kidney disease; PREVENT equation American Heart Association
Predicting Risk of Cardiovascular Disease Events equation, CVD cardiovas-
cular disease.

metabolic syndrome, and diabetes, and 3) hypertension with
moderate-high risk CKD, and metabolic syndrome (Figure S5).

Incidence rate of stage 4 CKM

The incidence rate of stage 4 CKM among participants with stage
1 CKM, stage 2 CKM and stage 3 CKM was 1.4 (95% confidence
interval [Cl]: 0.4, 2.4), 7.0 (95% ClI: 5.8, 8.2), and 25.4 (95% Cl: 19.1,
31.8) per 1000 person-years, respectively (Table 3). Each metabolic
risk factor was associated with higher multivariable adjusted risk
for stage 4 CKM compared to stage 1 CKM. For those with
hypertension, the adjusted HR (95% Cl) was 3.25 (1.56, 6.80) in
stage 2 CKM and 5.11 (2.04 12.78) in stage 3 CKM. Participants
with versus without diabetes, hypertriglyceridemia, metabolic
syndrome and moderate to high-risk CKD in stage 2 and stage 3
CKM had higher adjusted HR for developing stage 4 CKM.

Journal of Human Hypertension (2025) 39:822 - 830
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Incidence of stage 4 CKM by hypertension status in stage 2
and stage 3 CKM

Among 1464 JHS participants with stage 2 CKM, 828 (56.5%) had
hypertension and other metabolic risk factors, 338 (23.1%) had
hypertension with no other metabolic risk factors, and 298 (20.4%)
did not have hypertension but had other metabolic risk factors
(Table 4). The incidence rate (95% Cl) per 1000 person years was
8.8 (7.0, 10.60) for hypertension and other metabolic risk factors,
5.1 (2,83, 7.26) for other metabolic risk factors without hyperten-
sion and 4.3 (2.4, 6.3) for hypertension alone. The adjusted HR for
stage 4 CKM associated with having hypertension and other
metabolic risk factors versus having other metabolic risk factors
without hypertension for participants with stage 2 CKM was 1.45
(95% ClI: 0.89, 2.37).

Among participants with stage 3 CKM, 95% (214/225 partici-
pants) had hypertension. Moreover, among participants with
stage 3 CKM, 1 out of 11 participants who did not have
hypertension but had other metabolic risk factors developed
stage 4 CKM compared to 56 out of 183 participants who had
hypertension and other metabolic risk factors and 4 out of 31
participants who had hypertension with no other metabolic risk
factors that developed stage 4 CKM.

Risk of stage 4 CKM by each metabolic risk factor stage 2 and
stage 3 CKM

The adjusted HR for incident stage 4 CKM associated with having
versus not having hypertension was 1.30 (95% Cl: 0.80, 2.11) and
2.82 (95% Cl: 0.41, 22.29) for participants with stage 2 and stage 3
CKM, respectively (Table S2). Having versus not having diabetes
was associated with an increased risk for developing stage 4 CKM
for participants with stage 2 and stage 3 CKM. Hypertriglycer-
idemia and metabolic syndrome were associated with incident
stage 4 CKM among participants with stage 2 CKM but not stage 3
CKM. Moderate to high-risk CKD was not associated with incident
stage 4 CKM in either stage.

DISCUSSION

This study has several important findings for public health and
clinical practice. Hypertension was the most common metabolic
risk factor among participants with stage 2 and stage 3 CKM and
was associated with a higher risk of progression to stage 4 CKM
compared to participants with stage 1 CKM. Most participants with
stage 2 and 3 CKM had two or more metabolic risk factors. Among
participants with other metabolic risk factors, those with coexist-
ing hypertension had higher incidence rate of stage 4 CKM.

The AHA Presidential Advisory on CKM syndrome defined,
staged, and provided algorithms for its prevention and treatment
[1]. According to NHANES data from 2011 to 2018, a substantial
proportion of Black adults in the US have stage 2 CKM [18].
Furthermore, hypertension was the most common metabolic risk
factor among US adults with stage 2 CKM [19]. In another analysis
using NHANES data from 2011 to 2020, 50.5 and 7.5% of Black US
adults, 20 years of age and older, had stage 2 and 3 CKM,
respectively [2]. The findings from the current study confirm the
high prevalence of stage 2 CKM and hypertension in Black adults
and extend prior work by demonstrating the association of
hypertension with an increased risk for progression to
stage 4 CKM.

A higher percentage of CVD cases has been attributed to
hypertension compared with any other modifiable risk factor
[20, 21]. It has been estimated that 33% of CVD events among
Black US adults are attributed to hypertension [21]. The high
prevalence of hypertension among Black adults and the large
proportion of CVD events that could be attributed to hypertension
emphasizes the importance of hypertension prevention. More-
over, in the current analysis, Black adults with stage 2 and stage 3
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CKM and hypertension had an increased risk of developing stage
4 CKM compared to those with stage 1 CKM. These findings
suggest that public health interventions aimed at preventing
hypertension may help slow CKM progression, which includes
reducing the incidence of CVD among Black adults [22, 23].

Randomized trials have identified several non-pharmacological
approaches for lowering BP and preventing hypertension,
including promoting a heart-healthy lifestyle, encouraging physi-
cal activity, adopting a healthy diet, reducing dietary salt
consumption, maintaining a healthy weight, avoiding excessive
drinking, and getting sufficient sleep [24, 25]. Given that all
participants with stage 2 and stage 3 CKM in the current study
had obesity, abdominal obesity, or dysfunctional adipose tissue,
weight loss counseling and lifestyle modification may be
effective therapies to prevent the development of hypertension
[26]. A systematic review of eight trials showed that behavioral
weight loss interventions reduced SBP by 4.5 mmHg and DBP
by 3.2 mmHg [27]. In addition to non-pharmacological interven-
tions, a randomized trial of adults who were obese without
diabetes demonstrated that tirzepatide, a dual agonist for
glucagon-like peptide-1 receptor (GLP-1) and glucose-dependent
insulinotropic polypeptide (GIP), reduced SBP by 7.4 mmHg for
5mg daily dose and by 106 mmHg at a 10mg daily dose
compared to placebo over 72 weeks [28, 29]. While weight loss
interventions reduce BP, their role in preventing the progression
of CKM by lowering BP has not been directly shown. Building
on this evidence, our findings suggest that the rate of CKM
progression is high among individuals with hypertension, high-
lighting it as a key risk factor where targeted interventions
should be directed. Prior studies have demonstrated the effec-
tiveness of culturally tailored programs including pharmacist-led
BP management, faith-based initiatives, and barbershop interven-
tions in prevention of hypertension and improving BP control
among Black populations [30, 31]. These approaches also align
with public health recommendations to improve outreach, over-
come mistrust, and address barriers to care that disproportio-
nately affect Black adults [32, 33]. These strategies may help
reduce CKM progression and cardiovascular risk among Black
adults by targeting the most prevalent and clustered modifiable
risk factors.

The increasing prevalence of multimorbidity among US adults
adds complexity to hypertension management and prevention
efforts by requiring individualized treatment plans, complicating
medication regimens, and increasing the risk of adverse events
and care fragmentation [34]. The prevalence of multiple chronic
conditions among US adults with hypertension has increased
substantially, rising by over 10% from 1999-2000 to 2017-2020
[34]. In 2017-2020, 52% of US adults with hypertension had
three or more additional chronic conditions. In the current
analysis, most adults in JHS with stages 2 and 3 CKM had two
or more metabolic risk factors, with hypertension being the most
common in both stages. Also, participants with hypertension
and other metabolic risk factors in the current study had higher
incidence of clinical CVD compared to those with other metabolic
risk factors but not hypertension. Having multiple chronic
conditions has been associated with increased mortality, worse
quality of life, longer hospital stays, increased barriers to
medication adherence and high medication cost [35, 36]. This
underscores the potential benefit of preventing the development
of multiple metabolic risk factors and emphasizes a comprehen-
sive approach to hypertension prevention within the context of
other risk factors.

The study has several strengths. JHS enrolled a large sample size
of Black US adults. Data in the JHS were collected following
standardized protocols. The current analysis has potential limita-
tions. Only a sample of JHS participants completed the
echocardiogram at baseline and echocardiograms were not

SPRINGER NATURE

conducted at visits 2 and 3. Therefore, we were unable to study
the transition from stage 1 or stage 2 CKM to stage 3 CKM.
Additionally, given the moderate sample size we did not assess
the role of hypertension in CKM syndrome by sex. Furthermore,
we lacked data on female-specific risk factors, such as auto-
immune diseases and polycystic ovary syndrome, which limited
our ability to evaluate their contribution to CKM syndrome. We
were unable to calculate the population attributable risk for
hypertension due to the overlap between hypertension and other
metabolic risk factors among participants with both stage 2 and
stage 3 CKD. While the JHS began over two decades ago,
structural inequities in preventive care and hypertension manage-
ment persist today, and racial disparities in cardiovascular
outcomes persist [32, 33, 37]. Therefore, the current study’s
findings remain relevant for understanding CKM progression in a
historically underrepresented and high-risk population. However,
the cohort was drawn from a single geographic region, Jackson,
Mississippi, which may limit generalizability to Black adults in
other U.S. settings.

In this study of Black adults from the JHS, hypertension was the
most common metabolic risk factor among participants with CKM
stages 2 and 3. In addition, hypertension was associated with a
higher risk for developing stage 4 CKM compared to those with
stage 1 CKM. These findings emphasize the relevance of
hypertension within the CKM framework.

SUMMARY

What is known about topic

® Cardiovascular kidney metabolic syndrome (CKM) is charac-
terized by the interaction of metabolic risk factors, chronic
kidney disease and cardiovascular disease (CVD) which leads
to multi-organ dysfunction and adverse cardiovascular out-
comes.

® (KM is defined by 4 progressive mutually exclusive stages.

® Hypertension is a common metabolic risk factor among
United States adults, and its prevalence is a higher among
adults with versus without obesity.

What this study adds

® This study highlights hypertension as the most common
metabolic risk factor in Black adults with stage 2 and 3 CKM
and its association with progression to stage 4 CKM (having a
CVD event).

® |t extends prior National Health and Nutrition Examination
Survey findings by demonstrating how hypertension increases
the risk of developing clinical CVD among Black Adults with
stage 2 and 3 CKM.
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