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Abstract

Background: Although many clinical parameters have been identified as predictors
for cardiovascular disease (CVD) development in the general population, the accu-
rate predictor for CVD in patients with obesity is still unknown.

Objective: The study aimed to explore an additional risk factor and predictor for
CVD in patients with overweight/obesity considering the interaction of obesity-
related pathophysiology.

Methods: The Japan Obesity and Metabolic Syndrome study, a multicenter pro-
spective study, enrolled 787 outpatients, of which 318 eligible patients were
analyzed. Patients with fasting plasma glucose (FPG) levels >6.11 and < 6.11 mmol/
L were considered to have high FPG (HFPG) and normal FPG (NFPG), respectively.
Thirty-six patients who developed CVD during the 5 years follow-up were assigned
to the CVD group.

Results: Cox's proportional hazards model revealed no significant association be-
tween CVD and cystatin C-based estimated glomerular filtration rate (eGFRcys) or
creatinine-based eGFR (eGFRcr) in the NFPG group. In the HFPG group, lower
eGFRcys, but not eGFRcr, was significantly associated with CVD development. A
generalized linear mixed model demonstrated greater reduction in eGFRcys levels
over time with HFPG than with NFPG. Although the CVD group showed gradual
reduction in eGFRcys levels, the non-CVD group—matched using propensity scores—

did not show a decline in eGFRcys levels.
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1 | INTRODUCTION

The prevalence of overweight and obesity is increasing in Western
countries and also in Japan and other Asian countries, albeit to a
lesser extent.> A Japanese cohort study showed that the prevalence
of a body mass index (BMI) >25 increased from 7% to almost 30% in
the last 40 years, and obesity, that is, BMI >30 reached approxi-
mately 4%.%2 Obesity is an independent risk factor for cardiovascular
disease (CVD),*"® which is the leading cause of death” and a serious
economic burden for both individuals and the nation.®? Therefore,
surrogate markers that accurately predict CVD risk are needed for
effectively treating individuals at a high risk of obesity.

The Japan Obesity and Metabolic Syndrome (JOMS) study is a
multicenter prospective study conducted by several hospitals in the
Japanese National Hospital Organization. The JOMS study aimed to
identify predictive markers for CVD and investigate its pathophysi-
ology in Japanese patients with obesity. Previous studies reported
that the cardio-ankle vascular index (CAVI), an index of arterial
stiffness, urinary cystatin C, and serum amyloid A-oxidized low-
density lipoprotein (LDL) are valuable indices for assessing and
managing CVD risk in patients with obesity.1°-12
Hypertension, dyslipidemia, and impaired glucose metabolism

D*3°*> and are often complicated with

are general risk factors for CV
obesity.?> '8 These risk factors for CVD may interact with each
other. For example, insulin resistance induced by several adipokines
elevates the risk for CVD through Endothelial dysfunction (ED) and
dyslipidemia.1??° Understanding such interactions may improve the
preventive medicine for CVD in people with obesity. However, such
interactions among CVD risks have not been fully understood.
Therefore, the present study explored the clinical risk factors and
their interactions in predicting CVD development in Japanese pa-
tients with overweight/obesity.

2 | METHODS

2.1 | Participants

The JOMS study, a multicenter prospective cohort study, enrolled
787 Japanese outpatients with obesity aged >20 years between
September 2005 and August 2010. Five National Hospital Organi-
zation hospitals (Kyoto, Tokyo, Nagoya, Kokura Medical Centers, and
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Conclusions: Lower eGFRcys levels may be more accurate than eGFRcr in predicting
CVD development in patients with overweight/obesity and hyperglycemia.
Furthermore, eGFRcys reduction over time is associated with CVD development.
Clinical Trial Registry Number: UMINOO0000559

cardiovascular disease, hyperglycemia, kidney, obesity

Mie Hospital) and the Qishi Clinic (Kyoto) were involved. The JOMS
study was registered on the University Hospital Medical Information
Network system (UMINOOOOO0559; registration date, 25 December
2006).

Participants with missing data for baseline measurements, those
who underwent baseline measurements without fasting, those who
did not undergo follow-up measurements, and those with a history of
CVD at baseline were excluded from the analysis. The number of
patients included in the final analysis was 318.

The present study was approved by the ethics committee of
National Hospital Organization Kyoto Medical Center (approval
number: 14-034) and was conducted in accordance with the Decla-
ration of Helsinki. All patients provided written informed consent for

inclusion prior to participation.

2.2 | Baseline measurements

BMI, systolic blood pressure (SBP), and diastolic BP (DBP) were
measured.'® Blood samples were drawn from the antecubital vein in
the morning after fasting for 12 h without medication intake. He-
moglobin Ailc, fasting plasma glucose (FPG), gamma-glutamyl trans-
ferase, aspartate aminotransferase, alanine aminotransferase, serum
total cholesterol, high-density lipoprotein-cholesterol, LDL-
cholesterol, and triglyceride levels were determined according to
standard procedures.’® High-sensitivity C-reactive protein levels
were assessed using an enzyme-linked immunosorbent assay
(AssayPro LLC, St. Charles, USA). Immunoreactive insulin levels were
measured using an enzyme immunoassay (Tosoh, Tokyo, Japan).
Serum creatinine levels were measured using the enzymatic method.
Serum cystatin C levels were determined using a latex particle-
enhanced immunoturbidimetric assay (lkagaku, Kyoto, Japan). Esti-
mated glomerular filtration rates were calculated based on serum
cystatin C (eGFRcys) or creatinine (eGFRcr) levels using the following

equations modified for the Japanese population?22:

)—14094 )—0.287

e eGFRcr for men: 194 x (serum creatinine x (age

)—1.094 % ( )—0.287 >

e eGFRcr for women: 194 x (serum creatinine
0.739

e eGFRcys for men: [104 x (serum cystatin C)~1°%7 x 0.996%¢] — 8

e eGFRcys for women: [104 x (serum cystatin C)~*°%? x 0.996%¢ x
0.929] - 8

age
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Patients were categorized as non-, ex-, and current smokers
according to their habits. Information regarding intake of anti-
diabetic, lipid-lowering, anti-hypertensive, and anti-obesity medica-
tions was collected from the participants' medical records.

The cut point of FPG was set at 6.11 mmol/L in this study based
on the criteria proposed by the World Health Organization®® and
Japan Diabetes Society?* defining FPG of 6.11-6.94 mmol/L as
impaired fasting glucose. Therefore, patients with a baseline FPG
>6.11 mmol/L were assigned to the high FPG (HFPG) group, and
those with an FPG below this value were assigned to the normal FPG
(NFPG) group.

2.3 | Follow-up and outcomes

Patients were followed up at 3 and 6 months and 1, 2, 3, 4, and
5 years after the baseline measurement. At each follow-up visit, the
same measurements were performed as at baseline. The physicians
of each hospital diagnosed CVD development and wrote the case
report form including CVD onset date for the present study. Patients
who developed CVD during the follow-up period were categorized
into the CVD group, while those who did not were categorized into
the non-CVD group. Patients assigned to the CVD group developed
one of the following diseases: coronary heart disease, heart failure,
cerebrovascular disease, aortic aneurysm, cardiomyopathy, or pe-

ripheral arterial disease.

2.4 | Statistical analysis

Continuous variables were summarized as means and standard de-
viations and categorical variables were summarized as numbers (n)
and percentages (%). Student's t-test and chi-squared test were used
to compare differences in mean levels of continuous and categorical
variables, respectively, at baseline between the non-CVD and CVD
groups. A two-way analysis of covariance (ANCOVA) was used to
examine the interaction between CVD development and FPG levels
on eGFRcys/eGFRcr at baseline after adjusting for sex, age, BMI, and
SBP. The association of eGFRcr and eGFRcys at baseline with CVD
development was examined using Cox's proportional hazards model
after adjusting for sex, age, BMI, SBP, and FPG. A generalized linear
mixed model (GLMM) was used to assess differences in changes in
eGFRcys over time between the non-CVD and CVD groups after
adjusting for sex, age, BMI, SBP, and FPG, with participants as a
variable factor. Additionally, the effect of baseline FPG levels on the
change in eGFRcys over time was examined using a GLMM after
adjusting for sex, age, BMI, and SBP, with participants as a variable
factor.

Patients in the CVD group were matched with those in the non-
CVD group using propensity score matching (PSM; caliper width 0.1).
The PSM ratio was 1:1. Age and eGFRcys at baseline were included in
the PSM. To compare changes in eGFRcys levels over time between

the CVD and non-CVD groups—which had similar eGFRcys levels at

baseline—a GLMM was used after adjusting for sex, age, BMI, SBP,
and FPG, with participants as a variable factor.

All statistical analyses were performed using the Japanese
version of IBM SPSS Statistics version 27.0 (IBM Japan, Tokyo,
Japan). Statistical significance was set at a two-sided p-value <0.05.

3 | RESULTS

3.1 | Patient characteristics at baseline

Of 318 patients, 36 developed CVD for the first time during the
follow-up period. The patients were followed up for a mean duration
of 3.1 + 1.8 years, and the incidence of CVD was 35.8 events per
1000 person-years. Patient characteristics at baseline are shown in
Table 1. The mean age of patients in the CVD group was significantly
higher than that of patients in the non-CVD group (58 & 12 years vs.
51 4 14 years, p = 0.003). The CVD group showed significantly lower
eGFRcr and eGFRcys than the non-CVD group (74 £ 24 ml/min/
1.73 m? vs. 84 + 24 ml/min/1.73 m?, p = 0.021; and 88 + 30 ml/min/
1.73 m? vs. 104 + 27 ml/min/1.73 m?, p = 0.001, respectively).
However, no significant difference in other clinical parameters was
observed between the non-CVD and CVD groups. The ratio of pa-
tients receiving lipid-lowering or anti-hypertensive medications at
baseline was significantly higher in the CVD group than in the non-
CVD group (69% vs. 47%, p = 0.009; and 69% vs. 47%, p = 0.012,

respectively).

3.2 | Comparison of baseline characteristics
between the non-CVD and CVD groups according to
FPG levels

Patients were stratified according to their FPG levels to investigate
the effect of FPG levels on patient characteristics. Table 2 compares
the baseline characteristics of the non-CVD and CVD groups ac-
cording to FPG levels. The CVD patients were significantly older than
the non-CVD patients in the NFPG group (57 + 10 years vs.
49 + 14 years, p = 0.005), while no significant difference in age was
observed between the two subgroups in the HFPG group
(59 £ 14 years vs. 54 + 14 years, p = 0.14). In the HFPG group, the
CVD patients showed significantly lower eGFRcr and eGFRcys levels
than the non-CVD patients (69 + 26 ml/min/1.73 m? vs. 82 + 23 ml/
min/1.73 m? p = 0.022; and 79 + 26 ml/min/1.73 m? vs.
103 + 27 ml/min/1.73 m?, p < 0.001, respectively), whereas no sig-
nificant difference was observed in the eGFR in the NFPG group
(79 + 22 ml/min/1.73 m? vs. 85 + 25 ml/min/1.73 m?, p = 0.36; and
97 + 32 ml/min/1.73 m? vs. 106 + 27 ml/min/1.73 m?, p = 0.22,
respectively). In the NFPG group, the proportion of patients with
smoking habits and receiving lipid-lowering medications was signifi-
cantly higher among patients with CVD compared with non-CVD
group (current smoker, 29% vs. 15%, p = 0.027; lipid-lowering
medications, 76% vs. 46%, p = 0.017, respectively).



SUZUKI ET AL

TABLE 1 Baseline characteristics of
the patients

Female (n, %)

Age (y)

BMI (kg/m?)

SBP (mmHg)

DBP (mmHg)

FPG (mmol/L)
HbA1c (mmol/mol)
HbA1c (%)

IRI (pmol/L)

GGT (pkat/L)

AST (pkat/L)

ALT (ukat/L)

TC (mmol/L)
HDL-C (mmol/L)
LDL-C (mmol/L)
Triglyceride (mmol/L)
hsCRP (mg/L)
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Total Non-CVD

(n = 318) (n = 282) CVD (n = 36)

Mean SD Mean SD Mean SD p-value
184 58 168 60 16 44 0.083
52 14 51 14 58 12 0.003

312 55 31.2 55 310 6.0 0.83
1415 183 1414 179 1423 216 0.80
83.8 117 840 11.7 826 114 0.50
7.0 3.0 6.9 2.9 7.3 3.6 0.47
52.1 167 521 168 526 16.2 0.87
6.9 1.5 6.9 1.5 7.0 1.5 0.87
129 151 124 126 170 271 0.32
0.79 0.67 0.79 0.67 076 0.69 0.78
0.46 022 046 023 042 0.16 0.32
0.60 043 0.61 045 0.54 0.34 0.40
5.4 0.9 54 0.9 53 10 0.33
14 0.4 14 0.3 13 0.5 0.10
33 0.8 34 0.8 3.1 0.8 0.64
21 13 20 13 21 10 0.91
1.95 522 170 279 387 1341 0.34

eGFRer (mL min—-*[1.73 m]-?) 82 24 84 24 74 24 0.021
eGFRcys (mL min-*[1.73 m]-%) 103 28 104 27 88 30 0.001
Smoking status (n, %) 0.32
Ex-smoker 34 11 29 10 5 14

Current smoker 56 18 47 17 9 25
Anti-diabetic agents (n, %) 118 37 104 37 14 39 0.81
Lipid-lowering agents (n, %) 156 49 131 47 25 69 0.009
Antihypertensive agents (n, %) 158 50 133 47 25 69 0.012
Antiobesity agents (n, %) 16 5 15 5 1 3 0.51
HFPG (n, %) 155 49 136 48 19 53 0.61

Note: p-values were obtained using Student's t-test for continuous variables and the chi-squared test
for categorical variables. p-values <0.05 are in bold.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass
index; CVD, cardiovascular disease; DBP, diastolic blood pressure; eGFRcr, estimated glomerular
filtration rate calculated using serum creatinine; eGFRcys, estimated glomerular filtration rate
calculated using serum cystatin C; FPG, fasting plasma glucose; GGT, gamma-glutamyl transferase;
HbA1c, hemoglobin Alc; HDL-C, high-density lipoprotein-cholesterol; HFPG, high fasting plasma
glucose; hsCRP, high-sensitivity C-reactive protein; IRI, immunoreactive insulin; LDL-C, low-density
lipoprotein-cholesterol; SBP, systolic blood pressure; SD, standard deviation; TC, total cholesterol.

3.3 | Interaction between the development of CVD
and FPG levels on eGFR at baseline

Two-way ANCOVA was performed to assess the interaction be-
tween CVD development and FPG levels on eGFR at baseline.
Table 3 shows the results of the two-way ANCOVA. There were

no significant main effects of CVD development and FPG levels
on eGFRcys (p = 0.067 and 0.067, respectively) or eGFRcr
levels (p = 0.42 and 0.26, respectively). However, a significant
interaction was observed between CVD development and FPG
levels on eGFRcys (p = 0.017), but not on eGFRcr levels
(p = 0.22).
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TABLE 2 Comparison of baseline characteristics between the non-CVD and CVD groups according to fasting plasma glucose (FPG) levels

NFPG HFPG

Non-CVD Non-CVD

(n = 146) CVD (n = 17) (n = 136) CVD (n = 19)

Mean SD Mean SD p-value Mean SD Mean SD p-value
Female (n, %) 85 58 7 41 0.18 83 61 9 47 0.26
Age (y) 49 14 57 10 0.005 54 14 59 14 0.14
BMI (kg/m?) 316 6.0 316 5.9 0.99 30.8 4.9 30.5 6.2 0.79
SBP (mmHg) 141 18 136 18 0.35 142 18 148 24 0.25
DBP (mmHg) 84 12 82 12 0.52 84 12 83 11 0.76
FPG (mmol/L) 5.2 0.6 5.1 0.5 0.84 8.9 3.3 9.3 4.0 0.60
HbA1c (mmol/mol) 43.2 10.4 43.9 111 0.78 61.6 17.2 60.3 16.3 0.76
HbA1c (%) 6.1 10 6.2 10 0.78 7.8 1.6 77 15 0.76
IRI (pmol/L) 129 151 124 126 0.48 140 138 241 359 0.24
GGT (pkat/L) 0.76 0.66 0.76 0.56 0.99 0.83 0.69 0.76 0.80 0.70
AST (pkat/L) 0.45 021 043 0.13 0.64 047 0.26 0.41 0.19 0.37
ALT (ukat/L) 0.62 0.46 0.54 0.26 0.45 0.59 0.43 0.55 0.41 0.68
TC (mmol/L) 5.6 1.0 55 0.7 0.62 5.3 0.9 5.1 1.2 0.44
HDL-C (mmol/L) 15 0.4 14 0.5 0.42 14 0.3 13 0.4 0.14
LDL-C (mmol/L) 34 0.9 34 0.8 0.89 31 0.8 31 0.9 0.68
Triglyceride (mmol/L) 20 15 2.2 0.9 0.72 2.1 1.2 2.0 1.1 0.82
hsCRP (mg/L) 1.63 3.16 1.96 281 0.68 178 2.33 5.57 18.34 0.38
eGFRer (mL min~t [1.73 m]~2) 85 25 79 22 0.36 82 23 69 26 0.022
eGFRcys (mL min~* [1.73 m]™) 106 27 97 32 0.22 103 27 79 26 <0.001
Smoking status (n, %) 0.027 0.44
Ex-smoker 18 12 5 29 11 8 0 0
Current smoker 22 15 5 29 25 18 4 21
Antidiabetic agents (n, %) 23 16 2 12 0.67 81 60 12 63 0.76
Lipid-lowering agents (n, %) 67 46 13 76 0.017 64 47 12 63 0.19
Antihypertensive agents (n, %) 60 41 11 65 0.063 73 54 14 74 0.10
Antiobesity agents (n, %) 10 7 1 6 0.88 5 4 0 0 0.40

Note: p-values were obtained using Student's t-test for continuous variables and the chi-squared test for categorical variables. p-values <0.05 are in

bold.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; CVD, cardiovascular disease; DBP, diastolic
blood pressure; eGFRcr, estimated glomerular filtration rate calculated using serum creatinine; eGFRcys, estimated glomerular filtration rate calculated
using serum cystatin C; FPG, fasting plasma glucose; GGT, gamma-glutamyl transferase; HbA1lc, hemoglobin Alc; HDL-C, high-density lipoprotein-
cholesterol; HFPG, high fasting plasma glucose; hsCRP, high-sensitivity C-reactive protein; IRI, immunoreactive insulin; LDL-C, low-density lipoprotein-
cholesterol; SBP, systolic blood pressure; SD, standard deviation; TC, total cholesterol.

3.4 | Cox's proportional hazards model of CVD risk
according to FPG levels

Cox's proportional hazards model was used to examine the associa-
tion between eGFR at baseline and CVD development after adjusting
for covariates (Table 4). eGFRcys and eGFRcr were included as in-

dependent variables in models 1 and 2, respectively.

Among all patients, neither eGFRcys nor eGFRcr showed a sig-
nificant association with CVD development (hazard ratio (HR) = 0.99,
95% confidence interval (Cl) = 0.97-1.00, p = 0.059; and HR = 0.99,
95% Cl = 0.97-1.01, p = 0.23, respectively). Moreover, a significant
association between age and CVD was observed only in model 2.

In the NFPG group, neither eGFRcys nor eGFRcr were signifi-
cantly associated with CVD (HR = 1.01, 95% Cl = 0.99-1.03,
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TABLE 3 Interaction between CVD development and fasting plasma glucose (FPG) levels on eGFR at baseline
Groups
Non-CVD CVvD
Dependent variables FPG levels Mean SD Mean SD p for FPG levels® p for CVD groups® p for interaction®
eGFRcys (mL min™* [1.73 m]™®)  NFPG 106 27 97 32 0067 0.067 0.017
HFPG 103 27 79 26
eGFRcr (mL min~* [1.73 m]~?) NFPG 85 25 79 22 0.42 0.26 0.22
HFPG 82 23 69 26

Note: Analyses were adjusted for sex, age, body mass index, and systolic blood pressure.

Abbreviations: CVD, cardiovascular disease; eGFRcys, estimated glomerular filtration rate calculated using serum cystatin C; eGFRcr, estimated
glomerular filtration rate calculated using serum creatinine; FPG, fasting plasma glucose; HFPG, high fasting plasma glucose; NFPG, normal fasting
plasma glucose; SD, standard deviation.

2: p-value of the main effect of FPG levels on estimated glomerular filtration rate;
b. p-value of the main effect of CVD development on estimated glomerular filtration rate;
¢ p-value of the interaction between FPG levels and CVD development on estimated glomerular filtration rate at baseline. p-values <0.05 are in bold.

TABLE 4 Cox's proportional hazards model of cardiovascular disease development as a dependent variable

Total NFPG HFPG
95% ClI 95% ClI 95% ClI
Variables HR  Lower Upper p-value HR Lower Upper p-value HR Lower Upper p-value
Model 1 Female (vs. male) 0.50 0.25 100 0049 043 0.15 121 011 038 0.14 107 0.067
Age (per 1 year) 1.02 0.99 1.06 0.19 1.07 101 113 0015 0.99 0.95 105 0.82
BMI (per 1 kg/m?) 1.04 0.97 111 0.27 1.06 0.97 115 0.18 101 091 113 086
SBP (per 1 mmHg) 1.00 0.98 102 072 0.99 0.96 102 036 1.00 097 102 090
FPG (per 1 mmol/L) 105 094 116 0.39 0.93 040 216 087 1.09 0.95 125 0.20
eGFRcys (per 1 ml min~*[1.73 m]™®) 0.99 0.97 1.00 0059 101 0.99 1.03 045 097 094 099 0.003
Model 2 Female (vs. male) 0.50 025 0.99 0.048 043 0.15 123 012 0.37 013 104 0058
Age (per 1 year) 103 100 107 0.032 106 1.01 112 0013 102 097 107 040
BMI (per 1 kg/m?) 1.06 0.99 113 0098 105 0.96 114  0.27 105 094 118 0.39
SBP (per 1 mmHg) 1.00 0.98 1.02 076 0.98 0.96 101 028 1.00 098 103 070
FPG (per 1 mmol/L) 104 094 115 047 099 045 221 098 1.08 0.95 124 025

eGFRcr (per 1 ml min~* [1.73 m]™®)  0.99 0.97 101 023 1.01 0.98 1.03 058 0.98 0.95 1.00 0.070

Note: HR indicates the hazard ratio for cardiovascular disease development. Models 1 and 2 include the same independent variables, except for eGFR. p-
values <0.05 are in bold.

Abbreviations: BMI, body mass index; Cl, confidence interval; eGFRcys, estimated glomerular filtration rate calculated using serum cystatin C; eGFRcr,
estimated glomerular filtration rate calculated using serum creatinine; FPG, fasting plasma glucose; HR, hazard ratio; HFPG, high fasting plasma glucose;
NFPG, normal fasting plasma glucose; SBP, systolic blood pressure.

p = 045; and HR = 1.01, 95% Cl = 0.98-1.03, p = 0.58, respec-
tively). Nevertheless, older patients had significantly higher CVD
risk in both models 1 and 2 (HR = 1.07, 95% Cl = 1.01-1.13,
p = 0.015; and HR = 1.06, 95% Cl = 1.01-1.12, p = 0.013,
respectively).

In the HFPG group, patients with lower eGFRcys levels showed a
higher risk of CVD development after adjusting for covariates
(HR =0.97, 95% Cl = 0.94-0.99, p = 0.003). However, the association
between eGFRcr and CVD development was not significant
(HR = 0.98, 95% Cl = 0.95-1.00, p = 0.070).

3.5 | GLMM for assessing changes in eGFRcys levels
during follow-up

The significance and effect of changes in eGFRcys on CVD develop-
ment were examined using a GLMM. Figure 1 shows the changes in
eGFRcys levels during follow-up. In the CVD group, eGFRcys levels
were significantly lower than in the non-CVD group (p = 0.024),
whereas no significant difference was observed in the changes in
eGFRcys levels between the non-CVD and CVD groups during
follow-up (p for interaction = 0.74) (Figure 1A). The HFPG group
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FIGURE 1 A generalized linear mixed model (GLMM) for the assessment of changes in eGFRcys during follow-up. Panel A shows the
changes in eGFRcys over time with adjustment for sex, age, body mass index (BMI), systolic blood pressure (SBP), and fasting plasma glucose
(FPG) in all patients. Panel B shows the changes in eGFRcys with adjustment for sex, age, BMI, and SBP according to baseline FPG levels.
Panels C and D show the changes in eGFRcys over time with adjustment for sex, age, BMI, SBP, and FPG in the normal FPG group (NFPG) and
HFPG groups, respectively. Total population, n = 318; population with CVD, n = 36; NPFG group, n = 163; NFPG with CVD group, n = 17;
HPFG group, n = 155; NFPG with CVD group, n = 19. *p < 0.05, **p < 0.01. CVD, cardiovascular disease; eGFRcys, estimated glomerular
filtration rate calculated using serum cystatin C; FPG, fasting plasma glucose; HFPG, high fasting plasma glucose; NFPG, normal plasma blood

glucose

demonstrated significantly lower eGFRcys levels than the NFPG
group (p = 0.020) during follow-up (Figure 1B). Furthermore, the
HFPG group showed a significantly greater decrease in eGFRcys
levels during follow-up than the NFPG group (p for interac-
tion = 0.04). The GLMM results for the NFPG and HFPG groups are
shown in Figure 1CD, respectively. No significant difference
(p = 0.99) or interaction (p for interaction = 0.65) in eGFRcys levels
was observed between patients with CVD and non-CVD in the NFPG
group. In the HFPG group, CVD patients demonstrated significantly
lower eGFRcys levels (p = 0.002), but no significant interaction was

observed (p for interaction = 0.76).

3.6 | Baseline characteristics of patients after PSM
PSM was performed to match patients with similar characteristics in
the non-CVD group with those in the CVD group, considering age
and eGFRcys levels. In total, 36 pairs of patients were successfully
matched using PSM. The propensity scores of the non-CVD and CVD
groups were 0.126 + 0.064 and 0.153 + 0.072, respectively. Table 5

shows the baseline characteristics of patients matched by PSM. No

significant difference was observed between the non-CVD and CVD
groups in age and eGFRcys levels (52 4+ 17 years vs. 58 4+ 12 years,
p = 0.090; and 95 + 24 ml/min/1.73 m? vs. 88 + 30 ml/min/1.73 m?,
p = 0.29, respectively). The proportion of female patients was
significantly higher in the non-CVD group (69% vs. 44%, p = 0.032).
The ratio of patients receiving lipid-lowering and anti-hypertensive
medications was significantly higher in the CVD group (69% vs.
44%, p = 0.032; and 69% vs. 36%, p = 0.005, respectively).

3.7 | GLMM after PSM

A GLMM was performed to compare the changes in eGFRcys over
time between the non-CVD and CVD groups matched using pro-
pensity scores. Figure 2 shows the changes in eGFRcys levels during
follow-up. The CVD group showed significantly lower eGFRcys than
0.014). The GLMM

revealed that the CVD group demonstrated a gradual reduction in

the non-CVD group during follow-up (p

eGFRcys levels, whereas the non-CVD group maintained eGFRcys
levels above the baseline value throughout the follow-up period (p
for interaction = 0.001).
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TABLE 5 Baseline characteristics of
patients matched by propensity scores

Female (n, %)

Age (y)

BMI (kg/m?)

SBP (mmHg)

DBP (mmHg)

FPG (mmol/L)
HbA1c (mmol/mol)
HbA1c (%)

IRI (pmol/L)

GGT (pkat/L)

AST (pkat/L)

ALT (ukat/L)

TC (mmol/L)
HDL-C (mmol/L)
LDL-C (mmol/L)
Triglyceride (mmol/L)
hsCRP (mg/L)

Obesity Science and Practice IAVV} B oM ke

Non-CVD
Total (n=72) (n = 36) CVD (n = 36)
Mean SD Mean SD Mean SD p-value
41 57 25 69 16 44 0.032
55 15 52 17 58 12 0.090
314 5.6 319 5.3 31.0 6.0 0.52
142 20 143 18 142 22 0.93
82 11 82 11 83 11 0.70
7.2 35 7.0 34 7.3 3.6 0.68

52.7 152 528 144 526 16.2 0.96
7.0 14 7.0 1.3 7.0 1.5 0.96
138 214 93 65 170 271 0.17
0.80 0.76  0.85 083 076 0.69 0.63
0.46 0.21 050 024 042 0.16 0.096
0.60 043 0.66 0.50 0.54 0.34 0.25
5.4 0.9 55 0.8 53 10 0.33
14 0.4 1.5 0.4 1.3 0.5 0.051
3.3 0.8 3.3 0.8 3.2 0.8 0.45
20 0.9 1.8 0.9 21 10 0.29
2.82 956 177 181 387 1341 0.36

eGFRer (mL min~* [1.73 m]™3) 79 27 84 28 74 24 0.11
eGFReys (mL min™* [1.73 m]™) 91 28 95 24 88 30 0.29
Smoking status (n, %) 0.41
Ex-smoker 9 13 4 11 5 14

Current smoker 14 19 5 14 9 25
Antidiabetic agents (n, %) 29 40 15 42 14 39 0.81
Lipid-lowering agents (n, %) 41 57 16 44 25 69 0.032
Antihypertensive agents (n, %) 38 53 13 36 25 69 0.005
Antiobesity agents (n, %) 1 1 0 0 1 3 0.31
HFPG (n, %) 34 47 15 42 19 53 0.35

Note: p-values were obtained using Student's t-test for continuous variables and the chi-squared test
for categorical variables. p-values <0.05 are in bold.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass
index; CVD, cardiovascular disease; DBP, diastolic blood pressure; eGFRcr, estimated glomerular
filtration rate calculated using serum creatinine; eGFRcys, estimated glomerular filtration rate
calculated using serum cystatin C; FPG, fasting plasma glucose; GGT, gamma-glutamyl transferase;
HbA1c, hemoglobin Alc; HDL-C, high-density lipoprotein-cholesterol; HFPG, high fasting plasma
glucose; hsCRP, high-sensitivity C-reactive protein; IRI, immunoreactive insulin; LDL-C, low-density
lipoprotein-cholesterol; SBP, systolic blood pressure; SD, standard deviation; TC, total cholesterol.

4 | DISCUSSION

Our findings revealed that lower eGFRcys levels—and their further
decline—were significantly associated with CVD development in the
HFPG group but not in all patients or the NFPG group. The other
parameter, eGFRcr, showed no significant association with CVD
development in any group. The results of the GLMM showed that the

slope of decline in eGFRcys levels was greater in the HFPG group
than in the NFPG group, whereas no significant difference between
the non-CVD and CVD groups in the changes in eGFRcys levels was
observed in all patients, the NFPG, and HFPG groups. Additionally,
GLMM after PSM demonstrated that the CVD group showed a
gradual decline in eGFRcys levels during follow-up, while 36 patients
in the non-CVD group matched to those in the CVD group according
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FIGURE 2 A generalized linear mixed model (GLMM) after
propensity score matching. Changes in eGFRcys over time with
adjustment for sex, age, body mass index (BMI), systolic blood
pressure (SBP), and fasting plasma glucose (FPG) are shown.
Non-CVD group, n = 36; CVD group, n = 36. *p < 0.05. CVD,
cardiovascular disease; eGFRcys, estimated glomerular filtration
rate calculated using serum cystatin C

to the baseline eGFRcys levels maintained their eGFRcys levels
above the baseline value.

Several longitudinal studies reported that CVD development is
associated with lower kidney function, as demonstrated by lower
eGFRer levels.2>2¢ However, our findings revealed the lack of associ-
ation between decreased kidney function and CVD development that
may be attributed to the use of eGFRcr but not eGFRcys as a surrogate
marker for kidney function and its interaction with FPG levels in pre-
vious studies. In the multivariate analysis, no significant association
between eGFRcr and CVD development was observed in this study.
Serum creatinine levels are influenced by skeletal muscle mass, diet,
and physical activity.?”?® The eGFRcr levels could overestimate kidney
function in elderly people because aging-associated sarcopenia re-
duces creatinine levels. Creatinine levels are also affected by absolute
skeletal muscle mass, resulting in the underestimation of kidney
function in people with overweight/obesity. However, such aging- and
weight-associated alterations in skeletal muscle mass do not affect
cystatin C levels. Previous reports suggest the accuracy of cystatin C—
rather than creatinine—in predicting CVD development in the

29-31 and people with overweight/obesity.>23% The present

elderly
study supports these previous reports that cystatin C predicts CVD
development more accurately than creatinine.

3233 showed a significant associa-

Although the previous studies
tion between decreased eGFRcys and CVD risk in participants with
overweight/obesity, there are differences from this study that should
be considered in age and outcome. The mean age of the previous
study>? was around 65 years, which was considerably older than that
of the present study (52 & 14 years). Another study>® used Fra-
mingham coronary heart disease (CHD) score as an index of CHD risk
and did not assess CVD events. Therefore, the present study may
provide valuable evidence to predict CVD development, particularly
in patients with overweight/obesity aged around 50 years.

Furthermore, this is the first study to discover the interaction
between eGFRcys and hyperglycemia in predicting CVD development
in patients with overweight/obesity. An association of eGFRcys with
CVD development was observed in patients with overweight/obesity

and hyperglycemia but not in those without hyperglycemia. These
findings are valuable in understanding the pathophysiology of obesity-
associated CVD and may be applied to generating a tailor-made
approach for preventing CVD in patients with overweight/obesity.

Interaction between the heart and kidneys is well-recognized,
and dysfunction in this relationship may cause cardiorenal syndrome
(CRS).3* ED, dysregulation of body fluids, and anemia are the un-
derlying mechanisms of CRS. ED is promoted by asymmetric dime-
thylarginine (ADMA), which disturbs the activation of nitric
oxide.®>3¢ Furthermore, a prospective study reported an association
between higher ADMA levels and CVD development.®” Previous
studies also showed that hyperglycemia elevates ADMA levels via
the inactivation of dimethylarginine dimethylaminohydrolase—an
enzyme involved in the metabolism of ADMA.383 |n the GLMM
analysis, the HFPG group showed a significantly greater decline in
eGFRcys levels over time than the NFPG group. CRS could be pro-
moted through ED, accelerated by ADMA in the HFPG group,
resulting in a significant association between lower eGFRcys levels at
baseline and CVD development only in the HFPG group.

In the NFPG group, eGFRcys levels at baseline were not asso-
ciated with CVD development, and the decline in eGFRcys levels over
time was smaller in magnitude than in the HFPG group. Therefore,
the involvement of eGFRcys in CVD development may not be
remarkable in patients with overweight/obesity and normoglycemia.
Visceral fat accumulation causes various CVD risk factors to develop,
such as dyslipidemia, impaired glucose tolerance, insulin resistance,
and hypertension.®*® However, no significant association of these
factors with CVD development was observed. Therefore, the pre-
dictive value of surrogate markers for CVD in patients with over-
weight/obesity and normoglycemia remains unclear.

The results of GLMM after PSM revealed that the non-CVD
group maintained its eGFRcys levels above the baseline value dur-
ing follow-up, whereas the CVD group showed a gradual decline in
eGFRcys levels during follow-up. Our results are supported by pre-
vious findings that deterioration of kidney function is a hallmark for
CVD development.**™*° Therefore, maintaining eGFRcys levels may
be beneficial in preventing CVD development in patients with over-
weight/obesity, even if their eGFRcys levels were comparable with
that of patients who developed CVD at baseline.

Our study had several limitations. First, due to unknown con-
founding factors, an observational study cannot definitively prove a
causal link between eGFR levels at baseline and changes in eGFR
with CVD development. Second, because the degree of obesity in the
Japanese patients recruited in this study is different from that of
Western patients, the application of our results to Western pop-
ulations may be limited. Finally, alteration in medication regimens
during follow-up was not considered in the analysis.

In conclusion, lower eGFRcys, but not eGFRcr levels at baseline,
is associated with CVD development in patients with overweight/
obesity and hyperglycemia, but not in those without hyperglycemia.
Furthermore, eGFRcys reduction over time is associated with CVD
development. These findings deepen our understanding of the

pathophysiology in overweight/obesity-associated CVD. The
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eGFRcys combined with hyperglycemia may be a valuable surrogate
marker for a tailor-made approach to prevent CVD in patients with
overweight/obesity.
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