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Purpose: In addition to hyperglycemia and hyperlipidemia, obesity and hypertension are
important cardiovascular risk factors for coronary heart disease (CHD) in patients with type
2 diabetes mellitus (T2DM). This study aims to explore the interaction of these risk factors.
Patients and Methods: Data of hospitalized patients with T2DM from 2013 to 2018 were
collected. A multivariate logistic regression model was established. Patients with normal
weight and blood pressure were recruited as controls. The interaction on the risk of CHD was
evaluated by relative excess risk due to interaction (RERI).

Results: Among the 30,693 patients with T2DM, 7202 (23.5%) had CHD. In the low weight
group, the prevalence of CHD in patients with hypertension was nearly four times higher
than that in patients without hypertension (42.7% vs 11.3%, P < 0.01). The OR value of
hypertension alone on CHD increased from 1.29 (95% CI 1.06—1.56) in the body mass index
(BMI) 30.0-34.9 kg/m? group to 1.35 (95% CI 1.11-1.62) in the BMI < 18.5 kg/m? group.
Additive interaction was observed between hypertension and BMI in CHD risk, especially in
the low weight group (RERI:2.2, 95% CI 0.9-3.5). BMI and CHD risk showed a smile curve
relationship. The attributive proportion in the low weight group was higher than that in the
severe obesity group, that is, 0.52 (95% CI 0.35-0.69) vs 0.18 (95% CI —0.59 to 0.95).
Conclusion: Maintaining normal weight and avoiding low weight are particularly important
for patients with co-occurring diabetes and hypertension to prevent the risk of CHD.
Keywords: type 2 diabetes, cardiovascular, hypertension, body mass index, interaction

Introduction

In 1999, the American Heart Association (AHA) identified diabetes as
a cardiovascular disease and has officially listed this condition as a major risk
factor for coronary heart disease (CHD), along with dyslipidemia, hypertension,
and smoking. The New England Journal of Medicine published a 7-year Finnish
study," which suggested that patients diagnosed with diabetes are expected to face
the same risk of CHD as those with a history of myocardial infarction. In 2001, the
National Cholesterol Education Program Adult Treatment Panel III listed diabetes
as an equal-risk disease for CHD, that is, patients with diabetes without CHD have
the same risk of developing CHD as non-diabetics with a history of CHD.? This
investigation further revealed that® the risk of cardiovascular disease in patients
with diabetes was two to four times higher than in those without diabetes. In
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patients with diabetes but no history of myocardial infarc-
tion, the risk of having a myocardial infarction in the next
8-10 years is 20%, which is equal to the risk of having
a subsequent myocardial infarction in patients who have
already had a myocardial infarction. Patients with diabetes
who have already suffered myocardial infarction have
a greater than 40% risk of future myocardial infarction,
and those with cardiovascular disease have worse prog-
nosis than non-diabetics.*

Obesity, hypertension, hyperlipidemia, smoking, and
other cardiovascular risk factors are common clustered in
patients with diabetes.® Therefore, prevention and treat-
ment strategies for CHD have been proposed based on
metabolic risk factors. The 2020 ADA Guidelines’ sug-
gested that for patients with diabetes and hypertension,
blood pressure control goals should be set according to
cardiovascular disease risk stratification: blood pressure
should be controlled at <130/80 mmHg when the risk of
cardiovascular disease is high and should be within <140/
90 mmHg when the risk is low. Most of previous studies
independently analyzed risk factors. However, if only one
index is emphasized and enhanced to reach the target, then
the other risks may be increased. For example, intensive
hypoglycemia had no significant effect on the occurrence
of microvascular complications and major cardiovascular
events,™ but increases patient mortality.” Cardiovascular
disease risk depends on the severity of a particular risk
factor and on the clustering of risk factors in the
individual.'® Interactions occur among these clustering
risk factors. Studies based on interactions between meta-
bolic risk factors revealed an additive interaction between
BMI and gestational hypertension for type 2 diabetes risk,
and 36% of the risk can be attributed to this interaction.""
An additive interaction was also observed between BMI
and gestational hypertension history for chronic hyperten-
sion risk.'? The interaction between BMI and hypertension
could be explained that BMI and hypertension are causally
and closely interrelated, and they have the same pathophy-
siological basis, for example, insulin resistance, sympa-
thetic dysfunction.'> However, most studies on CHD
interactions have focused on gene—gene'* or environmen-
tal-induced epigenetic changes.'” The interaction between
GSTM1 deletion genotype and smoking status seriously
influences the CHD risk.'® Work stress and social stress
have a synergistic effect'” on increasing the risk of CHD.
Only a few studies have examined the value of the inter-
action of metabolic factors in the prevention of CHD. No
research has been conducted to determine whether

maintaining a reasonable body weight in patients with co-
occurring diabetes and hypertension has the same benefit
in low weight and obese patients in preventing CHD.

To assess the cardiovascular risk factors and their inter-
actions in the risk of coronary heart disease in patients
with type 2 diabetes, we collected medical history, physi-
cal measurements, blood-glucose, HbA lc, blood lipid, etc.
in a large sample of 30,693 patients hospitalized between
2013 and 2018. This research aimed to identify high-risk
groups for the early intervention of risk factors and to
adopt individualized CHD prevention strategies for differ-
ent populations.

Patients and Methods

Study Population

The study population included patients hospitalized in the
ZhongDa Hospital affiliated to Southeast University from
July 2013 to December 2018. To avoid selection bias, we
included all patients consecutively, then a total of 66,536
cases with diabetes were enrolled according to the primary
discharge diagnosis. After excluding 5411 cases of type 1
diabetes, specific type diabetes, gestational diabetes, and
diabetes not clearly classified, 61,125 cases with T2DM
remained. Only data from the first hospitalization
(n=31,112) were used for patients with multiple hospitali-
zations during this period. After excluding 419 patients
with severely missing data, a total of 30,693 inpatients
(16,709 men and 13,984 women) were included even-
tually. A flowchart of the study procedure is shown in
Figure 1. This study was approved by the Research
Ethics Committee of the Affiliated ZhongDa Hospital of
Southeast University (Approved No. of ethic committee:
2020ZDSYLLO028-P01).

Data Collection

We collected detailed data on each patient, including their
demographic variables: gender, age, and ethnicity;
Medical history: diabetes mellitus, coronary heart disease,
hypertension; Smoking and drinking were identified
according to the medical records of the patients; Physical
measurements: weight, height, body mass index (BMI);
Essential medication information: insulin, metformin, anti-
platelet aggregation, and statins; Venous blood samples
were collected in the morning after a nighttime fast of at
least 8 hours and all blood specimens were sent to the
laboratory for examination of fasting blood-glucose

(FBG), HbAlc, total-cholesterol (T-CHOL), triglyceride,
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(n=66536)

Medical records of diagnosis with diabetes
between July 2013 to December 2018
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Type 1 diabetes
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Specific type diabetes

Diabetes not clearly classified
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(n=61125)

Medical records of Type 2 diabetes

Excluded (n=30013)

Records of multiple hospitalizations

(n=31112)

Records of the first hospitalization
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Patients with severely missing data

v

Patients eligible for analysis (n=30693)
(16709 men, 13984 women)

Figure | Flowchart of study participants.

high-density lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C), apolipoprotein-Al, apo-
lipoprotein-B, lipoprotein-a (Lpa), blood urea nitrogen
(BUN), serum creatinine (SCr), serum uric acid (SUA),
prothrombin time (PT), activated partial thromboplastin
time (APTT), thrombin time (TT), fibrinogen, antithrom-
bin-III, (FDP) and
D dimer. The Laboratory center of Zhongda Hospital

fibrinogen degradation product

Affiliated to Southeast University implements internal

and external quality management procedures directed by
the Chinese Laboratory Quality Control. All blood sam-
ples were analyzed by professional clinical laboratory
medical staff of Zhongda Hospital.

Definition of Variables

We extracted the principal and other diagnoses of dis-
charge diagnosis for each case, which were coded with
the International Classification of Diseases (ICD)-10. All
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diseases were identified by the corresponding code, includ-
ing diabetes (ICD-10 codes E10-14), coronary heart dis-
ease (ICD-10 codes 120-125), and hypertension (ICD-10
codes 110). Hypoglycemia was defined as having a blood
glucose level of <3.9 mmol/L in diabetics.

We calculated BMI as the weight in kilograms divided
by the square of the height in meters and parameterized
BMI into five categories: low weight (<18.5 kg/m?), nor-
mal weight (18.5 to <25.0 kg/m?), over weight (25.0 to
<30.0 kg/m?), mild obesity (30.0 to <35.0 kg/m?), and
severe obesity (>35.0 kg/m?).

Statistical Analysis

About 8.7% data were missing. In order to reduce the
impact of missing data, we used multiple imputation with
5 imputations, and the final estimation results were calcu-
lated by the multivariate model. All analyses were per-
formed on the pooled data sets, which were combined into
complete data according to Rubin standard rules.

We used binary non-conditional logistic regression
models to estimate odds ratio (OR) for the association
between BMI and coronary heart disease by history of
hypertension. These models included BMI, hypertension,
and their interaction terms. In the first step of adjustment,
we adjusted for sex, age, and diabetes duration. Our main
model additionally included smoking, drinking, use of
antiplatelet, statin, insulin, and metformin, FBG, HbAlc,
hypoglycemia, total cholesterol, LDL-C, triglyceride, Lpa,
SCr, and SUA.

By comparing the individual and combined effects of
BMI and hypertension in CHD incidence, we calculated
the additive interaction between BMI and hypertension for
the risk of CHD. We used patients with BMI 18.5 to
<25.0 kg/m* and without hypertension as the reference
group in multivariate regression analysis. To explore the
additive interaction between BMI and hypertension, rela-
tive excess risk due to interaction (RERI) (>0 supports
additive interaction), attributable proportion (AP) due to
interaction, and synergy index (SI) were calculated in each
categories of BMI using the Excel spreadsheet prepared by
Andersson.'® We also analyzed the multiplicative interac-
tion using logistic regression models.

Numeric variables with or without normal distribution
were presented as mean + standard deviation (SD), median
(interquartile range), respectively. Qualitative variables
were shown as the number (percentage). Differences
between groups were compared using 1-way analysis of
variance or Kruskal-Wallis tests for continuous data, and

then pairwise comparisons of overall significance were
performed using post hoc tests. Chi-squared (;(2) test
were used for comparison of qualitative variables. SPSS
21 (SPSS Inc., Chicago, IL, USA) and Microsoft Excel
2019 was used for analysis.

Results

Demographic and Clinical Characteristics
A total of 30,693 hospitalized patients with type 2 diabetes
were enrolled in this study. Table 1 shows the demo-
graphic and clinical characteristics of each group after
grouping according to BMI. Compared with the normal
weight group, the patients in the low weight group were
older and had longer duration of diabetes, lower rates of
hypertension and smoking, and higher levels of HbAlc,
hypoglycemia, and Lpa. The overweight and obese groups
were younger and had shorter duration of diabetes, higher
rates of hypertension and smoking, and lower levels of
HbAlc, hypoglycemia, and Lpa (* represents P<0.05).

Relationship Between Cardiovascular

Risk Factors and Coronary Heart Disease
Figure 2 and Table 2 show the relationship between body
weight and CHD prevalence after the addition of four car-
diovascular risk factors (hypertensive, HbAlc, Lpa, and
smoking). A panel shows that among patients without hyper-
tension, the highest prevalence of CHD was in the over-
weight group (13.0%), and the lowest were in the low
weight (11.3%) and severe obesity (9.4%) groups at both
ends of BMI. For those with hypertension complication, the
prevalence of CHD was the lowest in the overweight group
(27.8%) and the highest in those with low weight (42.7%)
and severe obesity (33.7%) groups at both ends of BMI. In
the low weight group, the prevalence of CHD in patients
with hypertension was nearly four times higher than that in
patients without hypertension (42.7% vs 11.3%, P <0.01).
This finding indicates that hypertension was the most influ-
ential cardiovascular risk factor for the prevalence of CHD
in different BMI populations. Other cardiovascular risk fac-
tors (HbA1c>7%, Lpa>300 mg/L, smoking) were not as
significant as hypertension (Figure 2B-D).

Table 2 also shows the risk of CHD in different BMI
groups stratified according to the presence or absence of
hypertension. Among the people with hypertension, BMI
and CHD risk presented a smile curve, with the highest
risk found in the low weight (OR 1.78, 95% CI 1.43-2.23)
and severe obesity (OR 1.72, 95% CI 1.24-2.39) groups at
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Table | Descriptive Characteristics of the Study Sample at Classified by BMI

Low Weight Normal Weight Overweight Mild Obesity Severe Obesity P value

(<18.5kg/m?) (18.5-24.9 kg/m?) | (25.0-29.9 kg/m?) | (30.0-34.9 kg/m?) | (>35.0 kg/m?)

n=967 n=14,443 n=12,204 n=2769 n=310
Female, n (%) 488(50.5) 6493(45) 545|(44.7) 1374(49.6)* 178(57.4)* <0.001
Age (year) 715125 68.4+12.4 66.8+12.9° 65.0+14.7 61.9+17.12 <0.001
Diabetes duration (y) 8.5+3.7% 8.0+3.4 7.8+3.3% 7.7+£3.8° 6.7£3.8% <0.001
Hypertension, n (%) 506(52.3)° 8784(60.8) 8581(70.3) 2170(78.4)* 246(79.4) <0.001
CHD, n (%) 268(27.7)° 3235(22.4) 2852(23.4) 758(27.4)° 89(28.7) <0.001
Smoking, n (%) 162(16.9)* 3017(21.2) 2831(23.5) 716(26.2)° 80(26.6) <0.001
Drinking, n (%) 69(7.2) * 1656(11.6) 1656(13.7)* 415(15.2)° 44(14.6) <0.001
BMI (kg/m?) 17.1£1.2° 22.5+1.7 27.0%1.4° 31.6£1.3° 37.443.6° <0.001
Antiplatelet user, n (%) 450(52.4) 6309(49.0) 5453(50.3) 1235(50.6) 135(48.7) 0.112
Statin user, n (%) 338(39.4) 5192(40.3) 4407(40.7) 978(40.1) 111(39.8) 0.944
Insulin user, n (%) 518(60.4) 7984(61.9) 6647(61.2) 1434(58.5)* 164(58.8) 0.028
Metformin user, n (%) 162(18.9)* 2972(23.0) 2711(25.0)* 593(24.2) 70(25.1) <0.001
FBG (mmol/L) 10.4+5.8 10.2+5.3 10.1+4.9 10.2+4.7 10.2+5.4 0.125
HbAlc (%) 8.3+2.4 8.2+22 8.1£2.0° 8.1+2.0 8.1+2.0 0.010
Hypoglycemia, n (%) 17(1.8) 179(1.3) 128(1.1) 19(0.7) 3(1.0) 0.032
T-CHO (mmol/L) 4.3+1.2% 4.5+1.4 4.5+1.3* 4.6+1.3* 4.6x1.2 <0.001
HDL-C (mmol/L) 1.240.3° 1.1£0.3 1.1£0.3? 1.1£0.3° 1.1£0.3 <0.001
LDL-C (mmol/L) 2.6+0.9° 2.7+0.9 2.8+1.0° 2.8+0.9* 2.8+1.0 <0.001
Triglyceride (mmol/L) 1.2 (0.8-1.7) 1.4 (1.0-2.1) 1.6 (1.1-2.3) 1.7 (1.2-2.5) 1.8 (1.3-2.5) <0.001
Apolipoprotein-Al (g/L) | 1.1+0.3 1.1+0.3 1.1£0.3% 1.1£0.3* 1.1+0.3 0.023
Apolipoprotein-B (g/L) | 0.8+0.2° 0.8+0.2 0.8+0.3 0.8+0.2 0.8+0.3 <0.001
Lipoprotein-a (mg/L) 232 (117.5-4005)* | 197 (103-349) 186 (97-330.5) 182 (99-326) 160 (73.8-318.3) <0.001
BUN (mmol/L) 7.3£5.17 6.8+4.6 6.7+4.5 6.7+4.6 6.8+4.6 0.003
SCr (umol/L) 73 (60-95) 74 (61-92) 76 (63-94)° 75 (62-94)° 74 (60-92.5) <0.001
SUA (umol/L) 272.2+£131.7% 289.3%+121.3 305.3+123.2° 313.1£133.2% 334.4+143.8° <0.001

Notes: Data are mean+SD, median (interquartile range), or n (%). °p < 0.05 compared to Normal weight group.
Abbreviations: BMI, body mass index; CHD, coronary heart disease; FBG, fasting blood-glucose; HbA I ¢, glycosylated hemoglobin; T-CHO, total cholesterol; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; BUN, blood urea nitrogen; SCr, serum creatinine; SUA, serum uric acid.

both ends of the curve. In patients without hypertension,
BMI and CHD risk showed a dose-dependent relationship,
with the highest risk found in the severe obesity group
(OR 2.51, 95% CI, 0.85-7.42).

Interaction of Cardiovascular Risk Factor
BMI and Hypertension in Coronary Heart

Disease

Figure 3 shows the independent effect and additive inter-
action of BMI and hypertension on CHD. Patients with
BMI 18.5-24.9 kg/m? without hypertension were taken as
controls (OR=1). The OR value of hypertension alone on
CHD was increased from 1.29 (95% CI 1.06—1.56) in BMI
30.0-34.9 kg/m? group to 1.35 (95% CI 1.11-1.62) in BMI
< 18.5 kg/m?* group, and an additive interaction was found
between hypertension and body weight in CHD risk, espe-
cially in the low weight group (RERI:2.2, 95% CI 0.9-
3.5). A multiplicative interaction was also observed

between the two risk factors, OR 2.62 (95% CI 1.74—
3.93) (P<0.01). After the additive interaction was consid-
ered, BMI and CHD risk showed a smile curve relation-
ship. The risk of CHD was the highest in the low weight
group with OR 4.23 (95% CI 3.34-5.35) and severe obe-
sity group with OR 4.15 (95% CI 2.97-5.81) at both ends
of BMI.

Table 3 shows the statistical analysis of the additive
interaction to support the results. The contribution of the
additive interaction varied for different BMI groups, with
the attributable proportion (AP) significantly higher in the
low weight group than in the severe obesity group, 0.52
(95% CI 0.35-0.69) vs 0.18 (95% CI —0.59 to 0.95). The
AP was —0.07 (95% CI —0.21 to 0.08) in the overweight
group and 0.03 (95% CI —0.24 to 0.31) in mild obesity.
This result indicates that in low weight patients with co-
occurring diabetes and hypertension, 52% of CHD risk can
be attributed to the additive interaction or combination
between weight and hypertension.
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Figure 2 Prevalence of coronary heart disease in patients with type 2 diabetes by cardiovascular risk factors and body mass index levels. Patients were classified according

to the history of hypertension (A), HbAlc (B), Lpa (C) and smoking (D).

Abbreviations: CHD, coronary heart disease; BMI, body mass index; HbA ¢, glycosylated hemoglobin; Lpa, lipoprotein-a.

Discussion

The role of cardiovascular risk factors and their interac-
tions in CHD risk was evaluated in patients with type 2
diabetes. Hypertension was found to be the most influen-
tial cardiovascular risk factor for CHD across the BMI
groups and had similar effects at all BMI levels. An
additive interaction was observed between hypertension
and body weight on CHD risk, especially in the low
weight population. BMI and CHD risk showed a smile
curve after additive interaction was considered. In the low
weight patients with co-occurring diabetes and hyperten-
sion, 52% of the CHD risk can be attributed to this
additive interaction.

CHD is the most common cause of death in patients
with diabetes. Stratification according to different risk
factors and CHD screening with different intensities must
be conducted for people with different risk levels for the

accurate use of limited medical resources. Several clinical
guidelines have recommended strict control of body
weight, which is a well-known risk factor for CHD, for
CHD prevention.'” However, the role of body weight in
CHD s still controversial. CHD risk gradually increases
with the increase in BML?%?! However, most studies have
only focused on the obese population, and the low body
weight population is rarely involved. The present work
indicates that in patients with diabetes and hypertension,
the risk of CHD in the low weight group was higher than
that in the normal weight group and even higher than in
the overweight group. This finding is consistent with other
clinical studies that focused on low body weight. A large
cohort study found®* a reduced risk of cardiovascular
death in overweight and moderately obese patients and
an increased risk of cardiovascular death in underweight
patients. A study of 54,285 patients with 4-year follow-up
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Table 2 Incidence Rates and ORs for CHD According to BMI by History of HP in Patients with Type 2 Diabetes

Low Weight Normal Weight Overweight Mild Obesity Severe Obesity
(<18.5 kg/m?) (18.5-24.9 kg/m?) (25.0-29.9 kg/m?) (30.0-34.9 kg/m?) (235.0 kg/m?)
Prevalence, n (%)
HP 216(42.7) 2550(29.0) 2382(27.8) 685(31.6) 83(33.7)
No-HP 52(11.3) 685(12.1) 470(13.0) 73(122) 6(9.4)
OR (95% Cl)

Basic regression model®
HP 1.67(1.37-2.03) 1.00 (Ref) 1.02(0.95-1.09) 1.28(1.14-1.42) 1.68(1.26-2.25)
No-HP 0.74(0.54-1.01) 1.00 (Ref)* 1.25(1.1-1.43) 1.54(1.17-2.03) 1.84(0.74-4.55)
Main regression model®
HP 1.78(1.43-2.23) 1.00 (Ref) 1.05(0.96—-1.13) 1.27(1.12-1.44) 1.72(1.24-2.39)
No-HP 0.62(0.44-0.88) 1.00 (Refy* 1.30(1.12-1.51) 1.69(1.23-2.31) 2.51(0.85-7.42)

Notes: *Basic models include adjustment for sex, age, and diabetes duration. ®Main models additionally include smoking, drinking, use of antiplatelet, statin, insulin, and
metformin, FBG, HbAlc, hypoglycemia, total cholesterol, LDL-C, triglyceride, lipoprotein-a, SCr, and SUA; *The same model as for HP group except patients without
hypertension and BMI 18.5-24.9 kg/m2 constitute the reference group.

Abbreviations: CHD, coronary heart disease; BMI, body mass index; HP, hypertension; Ref, reference group; FBG, fasting blood-glucose; HbAl ¢, glycosylated hemoglobin;
LDL-C, low-density lipoprotein cholesterol; SCr, serum creatinine; SUA, serum uric acid.

showed”® that underweight patients (BMI<18 kg/m?) have  risk was higher in underweight people.* Therefore, inter-

the highest risk of all cardiovascular events. The results  ventions for cardiovascular risk factors should focus not
from National Health and Nutrition Examination Survey

(NHANES) showed that cardiovascular disease mortality

only on obese people, but also on people with low weight.
Avoiding a low body weight is more likely to be neglected

6 - oU @HP =BMI ®HP &BMI
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Category of BMI, kg/m2

Figure 3 Additive interaction of BMI and hypertension on risk of CHD by BMI presented as odds ratio partitioned into relative excess risks due to BMI, hypertension, and
their interaction.

Notes: All ORs are adjusted for sex, age, diabetes duration, smoking, drinking, use of antiplatelet, statin, insulin, and metformin, FBG, HbAlc, hypoglycemia, total
cholesterol, LDL-C, triglyceride, lipoprotein-a, SCr, and SUA.

Abbreviations: BMI, body mass index; CHD, coronary heart disease; HP, hypertension; U, BMI 18.5 to <25.0 kg/m? and without hypertension; RERI, relative excess risk due
to interaction; FBG, fasting blood-glucose; HbA ¢, glycosylated hemoglobin; LDL-C, low-density lipoprotein cholesterol; SCr, serum creatinine; SUA, serum uric acid.
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Table 3 Statistics for Additive Interaction Between BMI and HP in Multivariable-Adjusted Models of Incident CHD in Patients with

Type 2 Diabetes Mellitus

BMI Category (kg/m?)
Additive Interaction Statistic Low Weight Normal Weight Overweight Mild Obesity Severe Obesity
(<18.5) (18.5-24.9) (25.0-29.9) (30.0-34.9) (=35.0)
RERI (95% CI) 2.19(0.88, 3.50) Reference* —0.16(—0.52, 0.20) 0.10(-0.71, 0.91) 0.75(-2.64, 4.14)
Attributable proportion® (95% ClI) | 0.52(0.35, 0.69) Reference* —0.07(-0.21, 0.08) 0.03(—0.24, 0.31) 0.18(—0.59, 0.95)
Synergy index (95% ClI) 3.11(1.75, 5.53) Reference* 0.90(0.72, 1.12) 1.05(0.69, 1.62) 1.31(0.35, 4.89)

Notes: *The reference group is patients with BMI 18.5-24.9 kg/m? and without HP. *The proportion of CHD risk that is attributable to the additive interaction between BMI

and hypertension.

Abbreviations: BMI, body mass index; CHD, coronary heart disease; HP, hypertension; RERI, relative excess risk due to interaction.

than weight loss in obese patients. This phenomenon is
called the obesity paradox® and has multiple explanations,
such as sarcopenic obesity, the limitation of BMI due to
the inability to distinguish fat from skeletal muscle
weight,”® and selection bias.”” We found that persons
with low BMI had lower LDL-C level and were older
than those with normal BMI, it may be due to the long-
term strict control of blood lipid, which prolongs the life
span of patients, leading to a longer course of chronic
diabetes. The

a reminder that for the clinical prevention and control of

diseases such as results served as
CHD, the focus should not just be the overweight and
obese people but also low weight people. The reasons for
the increased risk of CHD should be clarified, and indivi-
dualized intervention plans should be formulated.

In this study, patients with different BMI levels were
further classified according to the presence or absence of
hypertension. The relationship between BMI and CHD risk
was exhibited a smile curve in patients with hypertension and
dose dependency in the population without hypertension.
This finding suggests that the contribution of BMI to CHD
is influenced by hypertension. The two risk factors are not
independent but have an interactive effect. This view is
consistent with some recent findings. Recent studies™ '
showed that the risk of cardiovascular disease is dependent
on obesity and the presence of other metabolic disorders. The
risk of cardiovascular disease is lower in metabolically
healthy obese people than in metabolically unhealthy obese
people. The risk of cardiovascular disease in metabolically
unhealthy normal weight individuals is similar to that in
metabolically unhealthy obese individuals. The present
study found that the risk of CHD is greatly increased in low
weight patients with hypertension, with the synergistic con-
tribution of the two factors reaching 52%. This additive

interaction seriously affects diseases. A long-term follow-

up study'' showed that the interaction between BMI and
hypertension contributes 36% to diabetes in people with
a BMI of 30.0-34.9 kg/m* The current results provided
a new interpretation of the phenomenon of obesity paradox.
In addition to the above reasons, the interactive effects play
a huge role in this phenomenon. Most epidemic scholars
believe that multiply interactions reflect statistical interac-
tion, and evaluation on biological interactions should be
based on additive interactions.>? Hence, the additive effect
was the focus of our research. Although the interaction
between hypertension and low body weight is only based
on observational data, previous researches have provided
some biological basis for this finding. Studies have shown
that the uptake of norepinephrine in neurons was severely
impaired in patients with lean hypertension, but not at all in
obese hypertensive patients.** The consequences of neuronal
norepinephrine reuptake disorder are the promotion of nor-
epinephrine overflow from sympathetic nerves to plasma,
and lead to overstimulation in cardiac sympathetic nerve.>*
As is known that the ongoing activation of sympathetic
nervous system is causally associated with atherosclerosis
progression® and endothelial dysfunction.*®

To avoid the interaction between hypertension and low
body weight, hypoglycemic drugs with weight loss effects
should be used more carefully in diabetic patients with
hypertension and low BMI. GLP-1 agonists and SGLT-2
inhibitors are listed in the international guidelines as first-
line medications for T2DM patients with high cardiovas-

3738 \while

cular risk because the cardiovascular benefits,
both are also associated with weight loss. It is worth
considering that if patients loss weight excessively to
underweight after taking GLP-1 agonists or SGLT-2 inhi-
bitors, low body weight may cancel out the cardiovascular
benefits of the medication. Therefore, we suggest that for

patients using GLP-1 agonists or SGLT-2 inhibitors, body

4260
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weight should be monitored regularly, and if significant
weight loss or underweight is found, treatment should be
adjusted in time. Weight status should be an important
consideration when choosing treatment.

This study has certain limitations. First, although the stu-
dies involved a large population, no further follow-up data
have been collected. Hence, the causal explanation of conclu-
sion may exhibit deviation. Further cohort study is needed to
verify the results. Second, the study population was patients
with diabetes in a university hospital. The severity and type of
disease, the measures of clinical intervention, and other
aspects of this population may differ from those of the general
diabetic population. Therefore, the results of this study may
not be applicable to the general population. A broad multi-
center study must be conducted in the future. Third, the weight
data only included BMI. Indices such as waist-to-hip ratio,
visceral fat evaluation, and BMI change were not considered.
This aspect should be further improved in subsequent studies.

Conclusion

In patients with diabetes, the risk of CHD markedly
increased by the interaction of low body weight and hyper-
tension. Compared with patients without hypertension,
avoiding a low body weight seems to be especially important
with hypertension. Therefore, weight intervention in patients
with low body weight may provide great clinical benefits.
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