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ABSTRACT
Type 2 diabetes (T2D) and hypertension often coexist, and insulin resistance (IR) plays an important role in their pathological
progression. An increasing number of studies have focused on the relationship between different IR indices and hypertension.
A natural log transformation of the glucose disposal rate (loge GDR) has been proposed as a new model for insulin sensitivity
in patients with T2D. The study aimed to explore the relationship between loge GDR and hypertension in T2D patients. This
cross-sectional study included 1544 Chinese T2D patients. Clinical and biochemical characteristics were collected. The loge GDR
was calculated based on triglycerides, urinary albumin to creatinine ratio, gamma-glutamyl transferase, and body mass index.
Patients were categorized into hypertension and nonhypertension groups stratified by gender. Among both females and males,
compared with the nonhypertension group, the level of loge GDR was significantly decreased in the hypertension group (both p
< 0.001). As the loge GDR increased, the levels of systolic and diastolic blood pressure, and the prevalence of hypertension were
obviously increased (all p< 0.001). Univariate analysis displayed that loge GDRwas negatively related to hypertension (correlation
coefficient: −0.243, p < 0.001 in females; correlation coefficient: −0.181, p < 0.001 in males). Furthermore, the logistic regression
analysis showed that loge GDR was independently associated with hypertension (OR: 0.456; 95% CI: 0.224–0.927 in females; OR:
0.544; 95% CI: 0.314–0.941 in males). This study revealed that loge GDR was closely related to hypertension, which might help
monitor and manage hypertension in T2D patients.

1 Introduction

The prevalence of diabetes, especially type 2 diabetes (T2D), is
increasing worldwide and remains a substantial public health
issue due to various acute and chronic complications [1]. Evi-
dence shows that T2D and hypertension often coexist, and more

than half of the population suffers from hypertension among T2D
patients [2]. Additionally, hypertension is one of the main risk
factors for both microvascular and macrovascular complications
of diabetes [3]. Therefore, screening precipitating factors for
hypertension may be important to prevent the occurrence and
progression of complications under the condition of diabetes.
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Insulin resistance (IR) plays a crucial role in the pathogenesis of
hypertension, and the molecular mechanisms may be involved
in inappropriate activation of the renin-angiotensin-aldosterone
system, mitochondrial dysfunction, and inflammation [4]. It is
widely known that the hyperinsulinemic clamp technique is the
gold standard for evaluating IR [5], but its time-consuming and
invasiveness limit its use in large-scale epidemiological studies.
The homeostasis model assessment index (HOMA-IR) has been
proposed as a simpler method for assessing IR [6]. Although
this method facilitates large cohort studies, it relies on fasting
plasma insulin (FINS), which are not commonly conducted and
can fluctuate significantly. Additionally, fasting insulin levels are
often unreliable in insulin-treated T2D patients. Fortunately, a
series of noninsulin dependent IR replacement indices have been
proposed. Recently, based on the routinely available clinical and
biomarker data, including triglycerides (TG), gamma-glutamyl
transferase (GGT), urinary albumin to creatinine ratio (UACR),
and body mass index (BMI), Ciardullo et al. [7] proposed a
new model of insulin sensitivity (IS) named the natural log
transformation of the glucose disposal rate (loge GDR) and
found that the model was significantly associated with all-cause
mortality and cardiovascular mortality in T2D patients.

At present, therewas a lack of research to elucidate the correlation
between loge GDR and hypertension. Previous studies have
demonstrated that the impact of various components of loge
GDR on cardiometabolic risk differs significantly between males
and females [8, 9]. Therefore, our study aimed to explore the
relationship between loge GDR and hypertension in patients
with T2D with stratification by gender. Meanwhile, we also
included other commonly used effective IR indicators and related
derivative parameters, including HOMA-IR, insulin resistance
metabolic score (METS-IR) [10], triglyceride glucose index (TyG
index) [11], TyG-BMI [12], TyG-GGT [13], combination of BMI and
FPG (ByG) index [14], uric acid (UA)/high-density lipoprotein
cholesterol (HDL-c) ratio (UHR) [15], and TG/HDL-c ratio [16],
to analyze the relationships between them and hypertension.

2 Methods

2.1 Study Design and Study Population

This cross-sectional study analyzed the inpatients with T2D
aged ≥ 18 years from the Department of Endocrinology of
Linyi People’s Hospital, from January 2020 to March 2023. The
exclusion criteriawere (1) patientswith other types of diabetes; (2)
patients with liver insufficiency (exceeding two times the upper
limit of normal reference value) and renal insufficiency (eGFR <

90 mL/min/1.73m2); (3) patients with other identifiable causes of
secondary hypertension. In the end, a total of 1544 patients with
T2D were included in this study.

2.2 General Conditions and Physical
Examinations

The patients’ general conditions, including age, sex, duration of
diabetes, height, weight, and smoking and drinking status, were
recorded. The systolic blood pressure (SBP) and diastolic blood
pressure (DBP) weremeasured in the nondominant arm of seated

participants with an automated electronic device. Hypertension
was defined as SBP≥ 140mmHg or DBP≥ 90mmHg, or a history
of hypertension currently taking antihypertensive medications.
Patients were categorized into hypertension and nonhyperten-
sion groups. The visceral fat area (VFA) and subcutaneous
fat area (SFA) were tested by bioelectrical impedance analysis
(HDS-2000, Omron, Kyoto, Japan).

2.3 Laboratory Measurements

Following an overnight fast, blood samples were collected
and analyzed in the morning for TG, total cholesterol (TC),
HDL-c, low-density lipoprotein-cholesterol (LDL-c), aspartate
aminotransferase (AST), alanine aminotransferase (ALT), GGT,
fasting plasma glucose (FPG), glycosylated hemoglobin (HbA1c,
high-performance liquid chromatography), UA, serum creatinine
(Scr), cystatin C (Cys C), and hemoglobin (Hb) by a biochemical
autoanalyzer (Cobas c 702, Roche, Germany). UACR was mea-
sured using an autoanalyzer (Beckman Coulter AU5821). FINS
was measured using a direct chemiluminescence method with
a fully automated sample processing system (Aptio Automation,
SIEMENS, USA).

2.4 Parameter Calculations

1. HOMI-IR = FPG (mmol/L) * FINS (µU/mL)/22.5 [6];

2. Loge GDR = 5.3505 − 0.3697 * loge (GGT, IU/L) − 0.2591 *
loge (TG, mg/dL) − 0.1169 * loge (UACR, mg/g) − (0.0279 *
BMI, kg/m2) [7];

3. BMI = weight (kg)/height (m)2 [2];

4. METS-IR = Ln [(2 * FPG (mg/dL)) + TG (mg/dL)] *
BMI)/(Ln [HDL-c (mg/dL)]) [10];

5. TyG index = Ln [TG (mg/dL) * FPG (mg/dL)/2] [11];

6. TyG-BMI = TyG * BMI [12];

7. TyG-GGT = TyG * GGT [13];

8. ByG index = Ln [1/2 BMI (kg/m2) * FPG (mg/dL)] [14];

9. UHR (%) = UA (mg/dL)/HDL (mg/dL) *100 [15];

10. TG/HDL-c ratio = TG (mmol/L) / HDL-c (mmol/L) [16];

11. eGFR = 175 * Scr (mg/dL) −1.234 * age −0.179 × (0.79, if female)
[17].

2.5 Statistical Analysis

Statistical analysis was performed using SPSS 26.0 (SPSS, Inc.,
Chicago, USA). Normally distributed variables were expressed as
mean ± SD and were compared using an independent-samples T
test between two groups. Abnormal distributions were expressed
as median and interquartile ranges, and were compared using
the Mann–Whitney U test between two groups. Among the
loge GDR categories groups, an analysis of variance test was
performed formultiple comparisons of normally distributed data,
and a Kruskal–Wallis test for abnormal distributions. Categorical
variables were presented as percentages (%), and were compared
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using the Chi-square test. Spearman correlation analysis was
applied to estimate the corrections between hypertension and
various variables. Logistic regression analysis was used to analyze
the independent correlates of hypertension. Statistical differences
were defined by a p value (two-tailed) less than 0.05.

3 Results

3.1 Baseline Clinical and Biochemical
Characteristics

The baseline clinical and biochemical characteristics of the
subjects are presented in Table 1. In females, compared with the
nonhypertension group, age, duration of diabetes, BMI, VFA,
SFA, SBP, DBP, TG, FINS, ALT, AST, GGT, Cys C, UA, Scr, UACR,
Hb, TyG index, TyG-BMI, TyG-GGT, ByG index, TG/HDL-c ratio,
HOMA-IR, and METS-IR were higher (all p < 0.05), while eGFR
and loge GDR were lower in the hypertension group (both p <

0.001). However, there were no obvious differences between the
two groups in TC, LDL-c, HDL-c, FPG, HbA1c, and UHR, and
the percentage of smoking and drinking (all p > 0.05). In males,
age, BMI, VFA, SFA, SBP, DBP, ALT, AST, GGT, UA, UACR, TyG-
BMI, TyG-GGT, UHR, andMETS-IR were significantly increased
(all p < 0.05), while FPG, HbA1c, and loge GDR were obviously
decreased in the hypertension group (all p< 0.05). However, there
were no obvious differences between the two groups in duration
of diabetes, TC, TG, LDL-c, HDL-c, FINS, Cys C, Scr, eGFR, Hb,
TyG index, ByG index, TG/HDL-c ratio, and HOMA-IR, as well
as the percentages of smoking and drinking (all p > 0.05).

According to the loge GDR levels, the subjects were divided into
three groups (Table 2). The tertiles of loge GDR were defined as
follows: for females, T1 (0.38 ≤ loge GDR < 1.85), T2 (1.85 ≤ loge
GDR ≤ 2.17), and T3 (2.17 < loge GDR ≤ 3.12); for males, T1 (0.29
≤ loge GDR < 1.69), T2 (1.69 ≤ loge GDR ≤ 2.06), and T3 (2.06 <
loge GDR ≤ 2.88). In females, across the tertiles, age, duration of
diabetes, andHDL-cwere elevated (all p< 0.05), while BMI, VFA,
SFA, SBP, DBP, TC, LDL-c, TG, FPG, FINS, HbA1c, ALT, AST,
GGT, CysC,UA,UACR,Hb, TyG index, TyG-BMI, TyG-GGT, ByG
index, UHR, TG/HDL-c ratio, HOMA-IR, and METS-IR, and the
percentage of hypertension were decreased (all p < 0.05). There
were no significant differences among the three groups for Scr
and eGFR, and the percentage of smoking and drinking (all p
> 0.05). In males, across the tertiles, age, HDL-c and duration
of diabetes were elevated (all p < 0.05), while BMI, VFA, SFA,
SBP, DBP, TC, LDL-c, TG, FPG, FINS, ALT, AST, GGT, UA,
UACR, Hb, TyG index, TyG-BMI, TyG-GGT, ByG index, UHR,
TG/HDL-c ratio, HOMA-IR, and METS-IR, and the percentage
of hypertension, smoking, and drinking were decreased (all p <

0.05). No significant differences were observed among the three
groups in terms of HbA1c, Cys C, Scr, and eGFR (all p > 0.05).

3.2 Univariate Analysis

Table 3 demonstrates the correlations between hypertension and
each variable by a Spearman correlation analysis. In females, the
results showed that age, duration of diabetes, BMI, VFA, SFA,
TG, FINS, ALT, AST, GGT, Cys C, UA, UACR, Hb, TyG index,
TyG-BMI, TyG-GGT, ByG index, TG/HDL-c ratio, HOMA-IR, and

METS-IR were positively correlated with hypertension (all p <

0.05), while eGFR and loge GDR were negatively correlated with
hypertension (both p < 0.001). Smoking, drinking, TC, LDL-c,
HDL-c, FPG, HbA1c, and UHR showed no significant correlation
with hypertension (all p > .05). In males, the results showed
that age, BMI, VFA, SFA, ALT, AST, GGT, UA, UACR, TyG-BMI,
TyG-GGT, UHR, and METS-IR were positively correlated with
hypertension (all p < 0.05). In contrast, TC, FPG, HbA1c, eGFR,
and loge GDR were negatively correlated with hypertension (all
p < 0.05). Smoking, drinking, duration of diabetes, TG, LDL-c,
HDL-c, FINS, Cys C, Hb, TyG index, ByG index, TG/HDL-c ratio,
and HOMA-IR were not correlated with hypertension (all p >

0.05).

3.3 Multivariate Analysis

For females, hypertension was served as the dependent variable,
while age, duration of diabetes, BMI, VFA, SFA, TG, FINS, ALT,
AST, GGT, Cys C, UA, eGFR, UACR, Hb, TyG index, TyG-BMI,
TyG-GGT, ByG index, TG/HDL-c ratio, HOMA-IR,METS-IR, and
loge GDRwere considered as the independent variables according
to the results of univariate analysis (Table 3). A logistic regression
analysis was performed to identify the independent correlates of
hypertension (Table 4). After adjusting for other variables, the
analysis revealed that loge GDR (OR: 0.456; 95% CI: 0.224–0.927),
VFA (OR: 1.012; 95% CI: 1.005–1.020), and age (OR: 1.039; 95% CI:
1.017–1.062) were independently associated with hypertension.

For males, adjusting for age, BMI, VFA, SFA, TC, FPG, HbA1c,
ALT, AST, GGT, UA, eGFR, UACR, TyG-BMI, TyG-GGT, UHR,
and METS-IR, the results showed that loge GDR (OR: 0.544; 95%
CI: 0.314–0.941), VFA (OR: 1.013; 95% CI: 1.008–1.019), age (OR:
1.027; 95% CI: 1.010–1.044) and HbA1c (OR: 0.866; 95% CI: 0.795–
0.944) were independently associated with hypertension.

4 Discussion

In this cross-sectional study, we observed a strong correlation
between loge GDR and hypertension, with the prevalence of
hypertension decreasing progressively as the loge GDR tertiles
increased. Additionally, multivariate analysis indicated that the
loge GDR was independently associated with hypertension in
patients with T2D.

IR is well known to play a key role in the development of
hypertension and is an important target point for monitoring and
managing hypertension. The loge GDR was a new noninsulin-
based IS indicator proposed in patients with T2D [7]. Our study
found that it was closely related to other IR indicators, including
HOMA-IR, TG/HDL-c ratio, TyG index, TyG-BMI, METS-IR, and
UHR, and as the loge GDR tertiles increased, these indicators all
gradually decreased, which suggested that this model might have
strong generalizability.

The loge GDR was a composite index based on GGT, TG,
UACR, and BMI, and any component of this model had been
proven to be related to hypertension. Research showed that
GGT activity could predict hypertension independent of multi-
ple confounders, including BMI [8]. TG was another indicator
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significantly associated with the development of hypertension [9,
18], and even normal fasting TGwas also prospectively associated
with incident hypertension [19]. Besides, evidence indicated
significant relationships between UACR and hypertension, T2D,
and hypertension with T2D within the normal range of UACR
[20], and moreover, elevated UACR was associated with a higher
risk of major adverse cardiovascular events in T2D patients
[21, 22]. In our study, the levels of GGT, TG, UACR, as well
as BMI, were all significantly increased in the hypertension
group; however, they did not enter the regression equation. In
accordance with the research from Ciardullo et al. [7], as the loge
GDR increased, the levels of SBP, DBP, and the prevalence of
hypertension were significantly decreased across the tertiles in
our study, and furthermore, only the loge GDR was retained in
the final regression model. These findings suggest that loge GDR,
as an integrative index, is more closely associated with hyper-
tension. However, the underlying mechanism has not yet been
fully elucidated, and may involve factors such as inflammation,
oxidative stress, endothelial dysfunction, and renal injury based
on the constituent components of loge GDR [8, 9, 20, 23].

As a traditional insulin-based IR index, HOMA-IR had an
independent associationwith an exacerbated risk of hypertension
in the general population [24], and was a reliable predictor of
all-cause mortality in patients with coronary heart disease and
hypertension [25]. In the study of Esteghamati et al. [26], the
data showed that HOMA-IR was associated with hypertension
in both diabetic and nondiabetic subjects. However, in our
study, although the Spearman’s correlation analysis displayed
a relationship between HOMA-IR and hypertension, it did not
fit into our regression model in T2D patients. Additionally, a
series of noninsulin-based IR indices were derived, including
the TyG index, TyG-BMI, TG/HDL-c ratio, METS-IR, and UHR,
and they were confirmed to be related to hypertension [27, 28].
Moreover, we included other new composite indicators reflecting
metabolism that share some similarities with the components
of loge GDR, such as the ByG index and TyG-GGT, which had
been shown to be associated with diabetes and nonalcoholic
steatohepatitis [13, 14]. In our study, we only found that there
existed a correlation by univariate analysis. However, similar
to HOMA-IR, further regression analysis showed that these
indicators were not independently correlated with hypertension.

Undoubtedly, age and obesity were the most important correlates
for hypertension among patients with diabetes [29]. Our study
also found that the age and VFA were obviously increased in the
hypertension group, and after adjusting for other confounding
factors, both of them were still closely related to hypertension.
Additionally, in contrast to prior research that indicated that
poor glycemic control was associated with a higher risk of
hypertension in diabetic patients [30], our study revealed a
negative association between HbA1c levels and the incidence of
hypertension in males. The multifactorial nature of hyperten-
sion’s influencing factors may contribute to this phenomenon.
As previously discussed, the age in the hypertension group was
significantly higher compared to that in the nonhypertension
group, while older diabetic patients had better glycemic control
[31].

However, a few limitations to our study should be considered.
First, the cross-sectional nature of the study limits the ability to

5 of 10



TA
B
LE

2
C
om

pa
ris
on

of
va
ria
bl
es
ac
co
rd
in
g
to
th
e
te
rt
ile
so
fl
og

e
G
D
R.

Fe
m
al
e

M
al
e

Va
ri
ab
le
s

T1
(0
.3
8–
1.
85
)

T2
(1
.8
5–
2.
17
)

T3
(2
.1
7–
3.
12
)

p
va
lu
e

T1
(0
.2
9–
1.
69
)

T2
(1
.6
9–
2.
06
)

T3
(2
.0
6–
2.
88
)

p
va
lu
e

N
um

be
r

31
2

32
1

32
1

19
5

19
6

19
9

Sm
ok
in
g
(n
,%
)

4
(1
.3
%
)

2
(0
.6
%
)

0
(0
.0
%
)

0.
09
1

88
(4
5.
1%
)

77
(3
9.
3%
)

63
(3
1.7
%
)

0.
02
3

D
rin

ki
ng

(n
,%
)

3
(1
.0
%
)

1(
0.
3%
)

0
(0
.0
%
)

0.
13
1

82
(4
2.
1%
)

66
(3
3.
7%
)

60
(3
0.
2%
)

0.
04
0

A
ge
(y
ea
rs
)

56
.1
±
13
.1

58
.7
±
10
.9

56
.7
±
11
.3

.0
09

50
.6
±
11
.8

55
.8
±
11
.8

58
.9
±
12
.3

<
0.
00
1

D
ur
at
io
n
of

di
ab
et
es

(y
ea
rs
)

6.
0
(2
.0
–1
0.
0)

6.
0
(2
.0
–1
0.
0)

7.
0
(3
.0
–1
2.
0)

0.
00
7

6.
0
(2
.0
–1
0.
0)

7.
0
(2
.0
–1
2.
0)

10
.0
(2
.9
–1
5.
0)

0.
01
2

BM
I(
kg
/m

2 )
27
.5
0
±
4.
13

25
.0
2
±
3.
01

23
.10

±
2.
81

<
0.
00
1

27
.74

±
3.
34

26
.0
0
±
2.
40

23
.7
9
±
3.
03

<
0.
00
1

V
FA

(c
m

2 )
99
.0
0
(7
8.
00
–1
25
.7
5)

79
.0
0
(6
2.
00
–9
8.
00
)

61
.0
0
(4
1.5
0–
79
.0
0)

<
0.
00
1

13
1.0
0

(1
05
.0
0–
15
8.
00
)

10
7.
00

(8
6.
00
–1
25
.7
5)

80
.0
0
(5
4.
00
–1
10
.0
0)

<
0.
00
1

SF
A
(c
m

2 )
21
6.
00

(1
66
.0
0–
26
0.
75
)

17
6.
00

(1
35
.5
0–
21
6.
00
)

14
5.
00

(1
06
.5
0–
18
0.
00
)

<
0.
00
1

21
7.
00

(1
76
.0
0–
25
7.
00
)

19
0.
00

(1
62
.7
5–
22
5.
25
)

15
9.
50

(1
14
.0
0–
19
6.
25
)

<
0.
00
1

SB
P
(m
m
H
g)

13
4.
2
±
18
.3

13
0.
7
±
17
.4

12
3.
8
±
17
.9

<
0.
00
1

13
2.
4
±
17
.3

12
7.
9
±
16
.0

12
4.
3
±
16
.2

<
0.
00
1

D
BP

(m
m
H
g)

83
.2
±
11
.2

79
.7
±
10
.6

76
.2
±
9.
7

<
0.
00
1

85
.9
±
10
.9

81
.8
±
9.
2

79
.2
±
10
.6

<
0.
00
1

TC
(m
m
ol
/L
)

5.
41

±
1.4
0

4.
96

±
1.1
1

4.
66

±
1.0
4

<
0.
00
1

4.
85

±
1.3
1

4.
67

±
1.0
9

4.
23

±
1.0
1

<
0.
00
1

LD
L-
c
(m
m
ol
/L
)

3.
42

±
1.1
4

3.
20

±
0.
96

2.
90

±
0.
89

<
0.
00
1

2.
97

±
1.0
9

3.
06

±
0.
95

2.
75

±
0.
89

0.
00
5

TG
(m
m
ol
/l
)

2.
05
(1
.4
5–
2.
90
)

1.3
5
(1
.11
–1
.7
5)

0.
90

(0
.7
1–
1.2
5)

<
0.
00
1

2.
34
(1
.5
9–
3.
72
)

1.4
5
(1
.15
–2
.0
3)

0.
90

(0
.6
9–
1.1
8)

<
0.
00
1

H
D
L-
c
(m
m
ol
/L
)

1.1
7
±
0.
37

1.2
4
±
0.
32

1.4
1±

0.
40

<
0.
00
1

0.
97

±
0.
23

1.0
6
±
0.
22

1.2
0
±
0.
24

<
0.
00
1

FP
G
(m
m
ol
/L
)

10
.0
2
±
3.
81

9.
10

±
3.
17

7.
92

±
3.
06

<
0.
00
1

9.
60

±
3.
43

9.
16

±
3.
19

8.
12

±
3.
26

<
0.
00
1

FI
N
S
(µ
U
/m

L)
19
.0
4
(1
4.
44
–2
4.
10
)

17
.3
2
(1
0.
74
–2
3.
19
)

13
.6
4
(5
.6
6–
20
.3
5)

<
0.
00
1

16
.6
8
(1
1.8
5–
21
.5
0)

16
.7
2
(1
0.
29
–2
1.4
7)

13
.10

(8
.6
8–
19
.4
8)

<
0.
00
1

H
bA

1c
(%
)

9.
75

±
2.
07

9.
53

±
2.
12

8.
80

±
2.
22

<
0.
00
1

9.
39

±
2.
17

9.
31

±
2.
11

9.
25

±
2.
46

0.
84
5

A
LT

(U
/L
)

21
.3
0
(1
5.
38
–3
4.
00
)

16
.2
5
(1
2.
80
–2
3.
58
)

14
.3
0
(1
0.
80
–1
9.
30
)

<
0.
00
1

26
.10

(1
8.
85
–4
0.
30
)

20
.0
0
(1
6.
00
–2
9.
00
)

16
.9
0
(1
3.
20
–2
2.
60
)

<
0.
00
1

A
ST

(U
/L
)

19
.15

(1
5.
13
–2
7.
28
)

16
.3
0
(1
3.
70
–1
9.
85
)

15
.8
0
(1
3.
00
–2
0.
43
)

<
0.
00
1

19
.5
0
(1
6.
00
–2
7.
60
)

18
.10

(1
5.
43
–2
1.9
8)

17
.0
0
(1
3.
70
–2
0.
60
)

<
0.
00
1

(C
on
tin
ue
s)

6 of 10 The Journal of Clinical Hypertension, 2025



TA
B
LE

2
(C
on
tin
ue
d)

Fe
m
al
e

M
al
e

Va
ri
ab
le
s

T1
(0
.3
8–
1.
85
)

T2
(1
.8
5–
2.
17
)

T3
(2
.1
7–
3.
12
)

p
va
lu
e

T1
(0
.2
9–
1.
69
)

T2
(1
.6
9–
2.
06
)

T3
(2
.0
6–
2.
88
)

p
va
lu
e

G
G
T
(U
/L
)

28
.3
0
(2
2.
00
–4
2.
00
)

19
.0
0
(1
6.
00
–2
3.
00
)

13
.0
0
(1
1.0
0–
16
.0
0)

<
0.
00
1

42
.0
0
(3
1.0
0–
63
.0
0)

26
.0
0
(2
1.0
0–
34
.7
5)

17
.0
0
(1
3.
40
–2
2.
00
)

<
0.
00
1

C
ys
C
(m
g/
L)

0.
84

±
0.
21

0.
83

±
0.
18

0.
78

±
0.
15

0.
00
4

0.
84

±
0.
19

0.
81

±
0.
17

0.
85

±
0.
14

0.
21
4

U
A
(µ
m
ol
L)

28
2.
83

±
86
.8
7

24
3.
70

±
68
.3
6

22
3.
34

±
62
.9
7

<
0.
00
1

32
9.
79

±
81
.7
7

29
8.
00

±
72
.5
8

27
5.
55

±
69
.18

<
0.
00
1

Sc
r(

µ
m
ol
/L
)

52
.6
5
±
8.
40

51
.8
7
±
7.
83

51
.6
8
±
7.
39

0.
26
2

67
.14

±
9.
27

67
.8
0
±
8.
35

66
.5
0
±
8.
94

0.
34
7

eG
FR

(m
L/
m
in
/1
.7
3
m

2 )
13
3.
20

±
29
.0
1

13
4.
17
±
31
.4
0

13
4.
68
±
25
.8
8

0.
80
5

12
6.
28

±
26
.2
3

12
1.5
5
±
21
.2
5

12
3.
90

±
23
.6
9

0.
14
6

U
A
C
R
(m
g/
g)

20
.3
0
(9
.0
3

∼
72
.0
0)

10
.7
0
(6
.8
0–
22
.10
)

6.
90

(4
.5
0–
11
.15
)

<
0.
00
1

23
.8
0
(7
.9
0–
10
5.
20
)

7.
95
(4
.6
0–
17
.2
3)

5.
80

(3
.5
0–
10
.8
0)

<
0.
00
1

H
b
(g
/L
)

13
6.
65

±
13
.7
9

13
6.
24

±
13
.0
2

13
2.
14

±
13
.11

<
0.
00
1

15
5.
84

±
14
.3
1

15
3.
67

±
13
.7
0

14
9.
49

±
14
.2
5

<
0.
00
1

Ty
G
in
de
x

9.
67

±
0.
70

9.
18

±
0.
53

8.
62

±
0.
55

<
0.
00
1

9.
81

±
0.
78

9.
25

±
0.
59

8.
62

±
0.
57

<
0.
00
1

Ty
G
-B
M
I

26
5.
97

±
44
.11

22
9.
48

±
29
.2
0

19
9.
11
±
27
.5
3

<
0.
00
1

27
2.
34

±
41
.3
0

24
0.
59

±
26
.8
6

20
5.
08

±
30
.2
2

<
0.
00
1

Ty
G
-G
G
T

28
1.1
8

(2
07
.6
2–
42
1.9
7)

17
1.8
7

(1
45
.0
4–
20
9.
22
)

11
2.
54
(9
2.
61
–1
38
.3
8)

<
0.
00
1

40
9.
89

(3
09
.4
5–
62
5.
08
)

23
6.
43

(1
96
.0
4–
31
6.
90
)

14
7.
83
(1
15
.0
3–
19
3.
79
)

<
0.
00
1

By
G
in
de
x

7.
74

±
0.
40

7.
56

±
0.
36

7.
33

±
0.
37

<
0.
00
1

7.
72

±
0.
37

7.
61

±
0.
34

7.
38

±
0.
38

<
0.
00
1

U
H
R
(%
)

11
.6
5
±
5.
89

8.
99

±
3.
23

7.
38

±
2.
97

<
0.
00
1

15
.8
1±

6.
52

12
.7
1±

4.
15

10
.5
3
±
3.
83

<
0.
00
1

TG
/H
D
L-
c
ra
tio

1.8
7
(1
.2
5–
2.
81
)

1.1
7
(0
.8
6–
1.5
4)

0.
67
(0
.4
7–
0.
98
)

<
0.
00
1

2.
30

(1
.6
3–
4.
63
)

1.4
7
(1
.0
1–
2.
03
)

0.
76
(0
.57
–1
.0
7)

<
0.
00
1

H
O
M
A
-I
R

8.
09

(5
.3
3

∼
11
.8
7)

6.
10
(3
.7
7

∼
9.
46
)

4.
19
(1
.8
0

∼
7.
03
)

<
0.
00
1

7.
21
(4
.12
–1
0.
26
)

6.
65
(3
.3
6–
10
.2
5)

4.
35
(2
.74
–7
.3
6)

<
0.
00
1

M
ET

S-
IR

46
.2
5
±
8.
50

39
.8
4
±
5.
73

34
.4
2
±
5.
24

<
0.
00
1

49
.3
5
±
8.
61

43
.3
1±

5.
60

36
.9
1±

5.
91

<
0.
00
1

H
yp
er
te
ns
io
n

(n
,%
)

19
2
(6
1.5
%
)

15
7
(4
8.
9%
)

10
5
(3
2.
7%
)

<
0.
00
1

11
2
(5
7.
4%
)

87
(4
4.
4%
)

72
(3
6.
2%
)

<
0.
00
1

N
ot
e:
D
at
a
w
er
e
pr
es
en
te
d
as
m
ea
n
±
SD

fo
r
no
rm

al
ly
di
st
rib
ut
ed

va
ria
bl
es
,a
nd

m
ed
ia
n
(in
te
rq
ua
rt
ile

ra
ng
es
)f
or
ab
no
rm

al
di
st
rib
ut
io
ns
.A

na
ly
si
s
of
va
ria
nc
e
te
st
w
as
pe
rf
or
m
ed

fo
r
m
ul
tip
le
co
m
pa
ris
on
s
of
no
rm

al
ly

di
st
rib
ut
ed

da
ta
,a
nd

K
ru
sk
al
–W

al
lis
te
st
fo
ra
bn
or
m
al
di
st
rib
ut
io
ns
.C
at
eg
or
ic
al
va
ria
bl
es
w
er
e
pr
es
en
te
d
as
pe
rc
en
ta
ge
(%
)a
nd

w
er
e
co
m
pa
re
d
by

C
hi
-s
qu
ar
e
te
st
.S
ta
tis
tic
al
di
ffe
re
nc
es
w
er
e
de
fin
ed

by
p
va
lu
e
(tw

o-
ta
ile
d)

le
ss
th
an

0.
05
.

A
bb
re
vi
at
io
ns
:A

LT
,a
la
ni
ne

am
in
ot
ra
ns
fe
ra
se
;A

ST
,a
sp
ar
ta
te
am

in
ot
ra
ns
fe
ra
se
;B
M
I,
bo
dy

m
as
s
in
de
x;
C
ys
C
,c
ys
ta
tin

C
;D

BP
,d
ia
st
ol
ic
bl
oo
d
pr
es
su
re
;F
IN
S,
fa
st
in
g
se
ru
m
in
su
lin
;F
PG

,f
as
tin
g
pl
as
m
a
gl
uc
os
e;
eG
FR

,
es
tim

at
ed

gl
om

er
ul
ar
fil
tr
at
io
n
ra
te
;G

G
T,
ga
m
m
a-
gl
ut
am

yl
tr
an
sf
er
as
e;
G
D
R,

gl
uc
os
e
di
sp
os
al
ra
te
;H

b,
he
m
og
lo
bi
n;
H
D
L-
c,
hi
gh
-d
en
si
ty
lip
op
ro
te
in
ch
ol
es
te
ro
l;
H
O
M
A
-I
R,

ho
m
eo
st
at
ic
m
od
el
as
se
ss
m
en
to
fi
ns
ul
in

re
si
st
an
ce
;L
D
L-
c,
lo
w
-d
en
si
ty
lip
op
ro
te
in
ch
ol
es
te
ro
l;
M
ET

S-
IR
,I
ns
ul
in
re
si
st
an
ce
m
et
ab
ol
ic
sc
or
e;
SB
P,
sy
st
ol
ic
bl
oo
d
pr
es
su
re
;S
cr
,s
er
um

cr
ea
tin
in
e;
SF
A
,s
ub
cu
ta
ne
ou
sf
at
ar
ea
;T
C
,t
ot
al
ch
ol
es
te
ro
l;
TG

,t
rig
ly
ce
rid
e;
U
A
,

ur
ic
ac
id
;U
A
C
R,
ur
in
ar
y
al
bu
m
in
to
cr
ea
tin
in
e
ra
tio
;U

H
R,
se
ru
m
ur
ic
ac
id
-to
-h
ig
h-
de
ns
ity

lip
op
ro
te
in
ch
ol
es
te
ro
lr
at
io
;V
FA

,v
is
ce
ra
lf
at
ar
ea
.

7 of 10



TABLE 3 The correlation between hypertension and different variables by univariate analysis.

Female Male

Variables Correlation coefficient p value Correlation Coefficient p value

Age 0.233 <0.001 0.122 0.003
Smoking 0.004 0.908 0.037 0.372
Drinking −0.029 0.364 0.074 0.071
Duration of diabetes 0.106 0.002 0.066 0.139
BMI 0.224 < 0.001 0.210 < 0.001
VFA 0.280 < 0.001 0.289 < 0.001
SFA 0.241 < 0.001 0.245 < 0.001
TC 0.057 0.079 −0.082 0.047
LDL-c 0.015 0.644 −0.077 0.062
TG 0.110 0.001 0.055 0.183
HDL-c 0.002 0.963 −0.072 0.082
FPG 0.022 0.497 −0.099 0.016
FINS 0.149 < 0.001 0.046 0.429
HbA1c −0.023 0.494 −0.177 < 0.001
ALT 0.099 0.002 0.088 0.034
AST 0.081 0.012 0.105 0.011
GGT 0.124 < 0.001 0.142 0.001
Cys C 0.147 < 0.001 0.089 0.100
UA 0.081 0.012 0.114 0.005
eGFR −0.148 < 0.001 −0.105 0.010
UACR 0.199 < 0.001 0.100 0.015
Hb 0.090 0.006 −0.032 0.436
TyG index 0.088 0.006 0.001 0.979
TyG-BMI 0.214 < 0.001 0.152 < 0.001
TyG-GGT 0.130 < 0.001 0.129 0.002
ByG index 0.094 0.004 −0.029 0.490
UHR 0.043 0.182 0.102 0.014
TG/HDL-c ratio 0.085 0.009 0.065 0.113
HOMA-IR 0.132 0.001 −0.008 0.884
METS-IR 0.169 < 0.001 0.158 < 0.001
Loge GDR −0.243 < 0.001 −0.181 < 0.001

Note: Correlation coefficients between hypertension and different variables were determined by Spearman’s correlation analysis.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; Cys C, cystatin C; DBP, diastolic blood pressure; FINS,
fasting serum insulin; FPG, fasting plasma glucose; eGFR, estimated glomerular filtration rate; GGT, gamma-glutamyl transferase; GDR, glucose disposal rate;
Hb, hemoglobin; HDL-c, high-density lipoprotein cholesterol; HOMA-IR, homeostatic model assessment of insulin resistance; LDL-c, low-density lipoprotein
cholesterol; METS-IR, Insulin resistancemetabolic score; SBP, systolic blood pressure; Scr, serum creatinine; SFA, subcutaneous fat area; TC, total cholesterol; TG,
triglyceride; UA, uric acid; UACR, urinary albumin to creatinine ratio; UHR, serum uric acid-to-high-density lipoprotein cholesterol ratio; VFA, visceral fat area.

establish causal relationships. Longitudinal studies are essential
to confirm the temporal sequence of events and to explore the
long-term implications and underlying mechanisms of changes
in loge GDR on hypertension development. Second, other causes
of secondary hypertension were not routinely screened unless
the patients had typical clinical manifestations. Additionally,
most hypertensive patients had been previously diagnosed and
were receiving antihypertensive medication. Further research

is warranted to investigate the correlation between loge GDR
and newly diagnosed hypertension. Third, the study popula-
tion was predominantly Chinese T2D patients. Moreover, other
factors like genetic predisposition and lifestyle habits may also
contribute to the development of hypertension. Future research
should investigate the generalizability of these findings to
diverse populations, and the complex interplay between these
factors.
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TABLE 4 The independent variables for hypertension.

Variables B SE Wald p value OR 95.0% CI for OR

In Females
Loge GDR −0.786 0.362 4.712 0.030 0.456 0.224–0.927
VFA 0.012 0.004 10.330 0.001 1.012 1.005–1.020
Age 0.039 0.011 12.701 < 0.001 1.039 1.017–1.062

In Males
Loge GDR −0.609 0.280 4.733 0.030 0.544 0.314–0.941
VFA 0.013 0.003 21.673 < 0.001 1.013 1.008–1.019
Age 0.027 0.008 10.186 0.001 1.027 1.010–1.044
HbA1c −0.144 0.044 10.629 0.001 0.866 0.795–0.944

Note: The independent variables for hypertension were assessed by logistic regression analysis.
Abbreviations: CI, confidence interval; GDR, glucose disposal rate; OR, odd ratio; SE, standard error; VFA, visceral fat area.

FIGURE 1 A framework diagram illustrating the study of loge GDR in relation to hypertension. BMI, body mass index; GDR, glucose disposal
rate; GGT, gamma-glutamyl transferase; TG, triglyceride; UACR, urinary albumin to creatinine ratio.

5 Conclusion

Among numerous IR indices, loge GDR exhibited a strong associ-
ation with hypertension in patients with T2D. We acknowledge
both the strengths and limitations of our study, as well as
outline directions for future research. Future studies should
encompass multicenter, large-scale, prospective designs to com-
prehensively validate the interrelationship between loge GDRand
hypertension, thereby providing deeper insights into the patho-
physiological mechanisms linking loge GDR and hypertension in
T2D patients. A framework diagram is presented in Figure 1.
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