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Background: Metformin is the most commonly used drug for patients with diabetes, but
there is still some controversy about whether it has a protective effect on cardiovascular
health. We therefore used the National Health and Nutritional Examination Survey
(NHANES) database to analyze the impact of metformin use on cardiovascular health
in patients with diabetes.

Methods: We extracted the demographic data and laboratory test results of all
people with diabetes in the NHANES database from January 2017 to March 2020.
The outcomes were seven indicators of cardiovascular health from the American Heart
Association, each was scored as 0, 1, and 2 to represent poor, moderate, and ideal
health statuses, respectively. The scores for the indicators (excluding diet and glycemic
status) were summed, and the sum score was then considered to indicate unhealthy
(0-5) or healthy (>5). Multivariate logistic regression analysis was used, and subgroup
analyses were performed by age, alcohol consumption, education, and marital status.

Results: This study included 1,356 patients with diabetes, among which 606
were taking metformin. After adjusting for all included variables, oral metformin in
patients with diabetes had a protective effect on the cardiovascular health of patients
(OR = 0.724, 95% Cl = 0.573-0.913, P = 0.007). Subgroup analysis indicated that
metformin protects the cardiovascular health of people with diabetes more clearly in
those who are young (OR = 0.655, 95% Cl = 0.481-0.892, P = 0.007), married
(OR = 0.633, 95% Cl = 0.463-0.863, P = 0.003), and drink alcohol (OR = 0.742, 95%
Cl = 0.581-0.946, P = 0.016).

Conclusion: This study found that metformin has a protective effect on the
cardiovascular health of patients with diabetes. The study findings support the general
applicability of metformin.
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BACKGROUND

Diabetes is a chronic disease caused by insufficient insulin
secretion or by insulin utilization dysfunction in the body. As
the course of the disease prolongs, long-term hyperglycemia
toxicity will have adverse effects on other tissues and organs,
thereby causing corresponding complications. Blood vessels
are important target organs of diabetes, which can lead to
cardiovascular disease if damaged. It is one of the ten most
common causes of death worldwide, and in 2017 about 425
million people had diabetes worldwide (1, 2), thereby seriously
affecting human health.

Metformin is currently the first-choice antiglycemic drug for
patients with diabetes (3). Its mechanism of action is mostly
to restore adenylyl cyclase inhibition using insulin through
the G proteins of the liver cell membrane, reduce hepatic
gluconeogenesis and hepatic glucose output, promote anaerobic
glycolysis, increase the uptake and utilization of glucose by tissues
such as skeletal muscle, inhibit or delay glucose absorption in
the gastrointestinal tract, and improve glucose metabolism. It
has also been recently found that metformin can increase the
GLP-1 concentration in blood, and increase insulin sensitivity.
Studies of metformin have also recently found that it can increase
fibrinolysis and improve blood lipid concentrations, and plays a
pivotal role in patients with diabetes.

Cardiovascular mortality has declined recently. However,
research indicates that in 2019, the number of cardiovascular
deaths worldwide reached 18.6 million, and it is still the most
common cause of death worldwide (4). Studies have found that
diabetes is an important risk factor for cardiovascular disease and
death (5). It is therefore particularly important to pay attention to
the cardiovascular health of patients with diabetes.

The cardiovascular effects of metformin in patients with
diabetes have been controversial (6, 7). We therefore extracted
the medication status of patients with diabetes from the
National Health and Nutritional Examination Survey (NHANES)
database to study the impact of the metformin on the patient’s
cardiovascular health, with the aim of improving to the
cardiovascular health among people with diabetes.

METHODS

Data Sources

The NHANES is a nutritional status study program of all
populations in the United States that combines interviews and
physical examinations (8). The survey annually examines a
nationally representative sample of 5,000 people, with interviews
covering demographics, socioeconomics, diet, and health-
related questions, including medical, dental, and physiological
measurements, as well as laboratory measurements by medical
professionals (9). Importantly, the NHANES project information
and its survey data are updated on the website in a timely manner
and are freely available to the public.

Research Variables

This study included subject data from March 2017 to March
2020, in which patients with diabetes were identified based on
questionnaires and laboratory tests that included (1) providing
information on the presence of diabetes in the questionnaire,
and (2) a glycated hemoglobin level of 6.5% and fasting blood
glucose at >126 mg/dL (10). The main parameters included in
the study were age, sex, race, marital status, education, BMI,
physical activity, smoking and alcohol statuses, metformin use,
and related laboratory indicators.

Total cholesterol >240 mg/dL

Cardiovascular index poor Intermediate Ideal
Current smoking yes Former<12 mouth Never or quit>12 mouth
Body mass index >30 kg/m2 25-29.9 kg/m2 <25 kg/m2
Physical activity None 1-149 min/wk >150 min/wk
moderate intensityor moderateintensity
1-74 min/wk or>75min/wk
vigorousintensity or vigorousintensity
1-149 or>150min/wkModerate+
min/wkModerate+vigo vigorous

rous

200-239 mg/dL 2200 mg/dL.

Blood pressure SBP>140 SBP 120-139 or <120/<80 mm Hg
orDBP>90 mm DBP80-89 mm Hg
Hg
Unhealthy Healthy
Cardiovascular Score 0-5 >5
Category
FIGURE 1 | Cardiovascular health definition.
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The outcome variable was cardiovascular health, the definition
of the latest cardiovascular health is not just for diseases. Health
is a more extensive concept, and it should also include the
body, psychological and social functions, and other components.
Therefore, we consider using cardiovascular health more than
using cardiovascular disease alone. It is measured by 7 indicators
to measure cardiovascular health. It is measured by 7 indicators
(smoking, BMI, physical activity, empty blood sugar, blood
pressure, cholesterol, diet) (11). Since there is no dietary data for
19-20 years in the NHANES database, and our study target was
on patients with diabetes, we used the remaining five indicators
to define cardiovascular health (Figure 1). According to the
definition of the AHA (American Heart Association), each index
of cardiovascular health is scored as ideal, moderate, or poor.
We assigned a value of 0 for poor, 1 for moderate, and 2 for
ideal, giving a total score of 0-10. Total scores of >5 and
0-5 were used to indicate healthy and unhealthy cardiovascular
fitness, respectively.

The race, marital status, and education of the subjects were
classified by the data codes in the database. Smoking status,
physical activity, blood pressure, BMI, and total cholesterol were
all classified as defined in Figure 1. Alcohol drinkers were defined
as consuming at least 12 alcohol intake per year. Laboratory data
are presented as continuous variables.

Statistical Analysis
Continuous and categorical variables of baseline data were
presented as mean =+ standard-deviation values and count and
percentage values, respectively. Multivariate logistic regression
was applied to metformin use in patients with diabetes to analyze
its relationship with cardiovascular health outcomes. The logical
regression model has adjusted the age, gender, race, marriage,
education level, drinking, and some laboratory data. To further
test this relationship, we performed subgroup analyses by age,
marital status, and alcohol use, and introduced interaction effects
using the Wald test.

All statistical analyses in the article were performed using
R software, all tests were two-sided, and the significance cutoff
was P = 0.05.

RESULTS

Table 1 lists the baseline data of all subjects according to whether
or not they took metformin. This study included 1,355 subjects,
and similar numbers of people took or did not take metformin.
There were slightly more males than females, and the mean age
was around 62 years. The table also lists demographic data such
as race and marital status, as well as related laboratory indicators.
Figure 2 is a forest diagram of the relationship between
metformin use and cardiovascular disease in patients with
diabetes. A logical regression model that adjusts all variables
(including age, gender, race, marriage, education level, albumin,
hematuria, serum creatinine, glucose, blood urea nitrogen, total
protein, uric acid) to determine the effect of metformin use on
cardiovascular disease in patients with diabetes. Results show that
taking metformin is related to the protection of cardiovascular
health in patients (OR: 0.724; 95%CI: 0.573, 0.913; P = 0.007).

TABLE 1 | Baseline information.

Variable No-Metformin Metformin P

Total 749 606

Sex 0.117
Male 397 (53) 347 (57.3)

Female 352 (47) 259 (42.7)

Age 62 (51.71) 63 (55.71) 0.029

Age 0.066
<65 450 (60.1) 334 (55.1)
>65 299 (39.9) 272 (44.9)

Race <0.001
Mexican American 85 (11.3) 92 (15.2)

Other hispanic 80 (10.7) 62 (10.2)
Non-hispanic white 264 (35.2) 179 (29.5)
Non-hispanic black 226 (30.2) 157 (25.9)
Other Race 94 (12.6) 116 (19.1)

Education level 0.384
< 9th grade 71 (9.5) 75 (12.4)
9-11th grade 99 (13.2) 72 (11.9)

High school graduate 203 (27.1) 149 (24.6)
Some college or AA degree 244 (32.6) 196 (32.3)
College graduate or above 132 (17.6) 114 (18.8)

Marital status 0.032
Married/living with partner 428 (57.1) 386 (63.7)
Widowed/divorced/separated 232 (31) 167 (27.6)

Never married 89 (11.9) 53 (8.7)

Drinking 0.243
Yes 672 (89.7) 555 (91.6)

No 77 (10.3) 51 (8.4)

Albumin 3.9(3.7,4.2) 4(3.8,4.2) <0.001

Haematuria 16 (12, 20) 15 (12, 20) 0.269

Serum creatinine 0.9(0.7,1.2) 0.9(0.7,1) <0.001

Glucose 122 (102,156) 126 (103, 162) 0.257

Blood urea nitrogen 0.4 (0.3,0.5) 0.4 (0.3, 0.6) 0.824

Total protein 7.1(6.8,7.4) 7.1(6.8,7.5) 0.78

Uric acid 0.6 (4.6, 6.7) 5.5(4.6,6.8) 0.799

Figure 3 shows the results of a subgroup analysis that further
verified the effect of metformin on cardiovascular health in
people with diabetes. After adjusting for all confounding factors,
it can be seen that there were significant differences between
the young (OR = 0.651, 95% CI = 0.478-0.886, P = 0.006),
married (OR = 0.628, 95% CI = 0.459-0856, P = 0.003),
and alcohol-drinking (OR = 0.750, 95% CI = 0.587-0.967,
P =0.020) populations.

We also independently analyzed the interactions of metformin
with age, marital status, and alcohol consumption, which were all
not significant (P = 0.104, P = 0.238, and P = 0.311, respectively).

DISCUSSION

The study data of patients
to 2020 were extracted from the

with diabetes from 2017
NHANES database
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Multi-factor analysis

FIGURE 2 | Multi-factor analysis.

21:%11;1 __________________________________________________________________________ OR(95%Cl) _________ P_
9 1.009(0.098-1.019)  0.098
Sex
Male Re
Female —a— 1.387(1.078-1.788)  0.011
ace
Mexican American Re
Other Hispanic A 1.193(0.745-1.908 0.462
Non-Hispanic White m 1.023(0.679-1.546 0.914
Non-Hispanic Black 1.351(0.888-2.063 0.162
Other Race 0.94(0.59-1.498) 0.795
Education level
I§e1s1s t'}’han 3 g ande [ 1.578(0 9R7?l 2.569) 0.065
- rade —— 1 . -2. }
High school graduate —— 1.171(0.751 - 1.835)  0.489
Some college or AA degree —— 1.132(0.730 - 1.764 0.583
College graduate or above —a— 0.877(0.540 - 1.429 0.597
Marital status
Married/Living with Partner Re
Widowed/Divorced/Separated 1.312(1.008 - 1.706)  0.043
Never married 1.001(0.675 - 1.477 0.997
Drinking
yes Re
no : 0.706(0.469 - 1.051)  0.09
Haematuria
L. 0.973(0.954 - 0.992) 0.006
Serum creatinine
1.113(0.935-1.326) 0.218
Glucose
. 1.001(1.000 - 1.003) 0.129
Total protein
. s 1.129(0.855 - 1.490) 0.393
Uric acid
R i 1.044(0.964 - 1.130) 0.289
Albumin
i HE 0.648(0.441 - 0.952) 0.027
Blood urea nitrogen
. Ha— 0.563(0.348 - 0.894) 0.017
Metformin e
no e
_yes II-.--IT | 0.724(0573-0913) 0007
0.5 1 15 2

Subgroup analysis

FIGURE 3 | Subgroup analysis.

Participants N OR(95%CD __ P-value P forinteraction

Age Subgroup ‘ 0.104
<65 784 — 0.651(0.478-0.886) 0.006
265 571 — 0.864(0.599-1.245) 0.434

Marriage subgroup 0.238
Married/Living with Partner 814 — 0.628(0.459-0.856) 0.003
Widowed/Divorced/Separated 399 B—  1.579(0.999-2.508) 0.268
Never married 142 B— | 1.185(0.540-2.588) 0.67

Alcohol subgroup ‘ 0.311
no 128 W— 0.412(0.160-1.007)  0.056
yes 1227 '_'| | 0.750(0.587-0.967) 0.02

to explore researchers wuse of metformin affects their
own cardiovascular health. Our results indicated that
metformin patients taking metformin are related to

better cardiovascular protection, and the results in the
subsequent subgroup analyses were more prominent
in the younger, married, alcohol-drinking, and highly
educated populations.

Studies have found that people with diabetes often also
experience cardiovascular events (12, 13). It is therefore of
great significance to study the effect of diabetes treatment on
cardiovascular events (14). Metformin is the drug of choice for
the clinical treatment of patients with diabetes (15). However,
recent research findings on the relationship between metformin
and cardiovascular events have been controversial (6, 7). The
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present study found that metformin has a significant protective
effect on cardiovascular health. There have been previous studies
on metformin use with cardiovascular disease or death as
outcomes, but few studies have included cardiovascular health
as an outcome. Our study therefore analyzed the relationship
between metformin use and cardiovascular disease in patients
with diabetes in greater depth.

Several previous prospective randomized controlled trials
(16-18) have provided strong evidence for the cardiovascular
protection of metformin. However, there is no exact description
of the protective mechanism of metformin on the cardiovascular
system. In the literature, metformin is considered to reduce the
transformation of monocytes to macrophages and the formation
of endothelial activation markers (19, 20), both of which are early
events in atherosclerosis. Body weight and the fat distribution
are also risk factors for cardiovascular health, as found by a
study comparing metformin with placebo (21). Metformin can
significantly reduce the body weight, and there is also evidence
that metformin induces modest changes in blood lipid levels,
especially in cholesterol, and triglyceride regulation (22, 23).
Long-term maintenance of high blood sugar levels in the body
may cause sugars to stick to cellular proteins (24). Metformin
promotes a combination of oxidative stress and inflammation,
a process called sugar oxidation, which is also responsible
for diabetes complications, and metformin neutralizes the
intermediates (25) to inhibit the glucose oxidation process, while
reducing the occurrence of cardiovascular events (26).

To further demonstrate the protective effect of metformin
on cardiovascular events, we performed subgroup analyses by
age, marital status, and alcohol use. We found that metformin
protects cardiovascular health more significantly in younger
populations, mostly because older populations can have greater
physiological decline and arterial stiffness, often accompanied
by complications such as atherosclerosis and stroke (27, 28),
which greatly impact cardiovascular health (29). These may
be factors affecting metformin expression in the cardiovascular
health of elderly patients with diabetes. Unsatisfactory social
relationships can lead to poor habits, in turn leading to the
occurrence of psychological and physical diseases (30). A recent
prospective study found that loneliness can also have a great
impact on cardiovascular health, including in people who
are divorced or widowed (31), thereby affecting metformin
expression in cardiovascular health. Our subgroup analysis of
alcohol use found the relationship to be more meaningful in
people who drink alcohol, but because most of the included
subjects consumed alcohol, the results for people who did not
drink alcohol could be erroneous. Moderate alcohol drinking
has positive effects on cardiovascular health (32, 33), and
taking metformin has a protective effect on cardiovascular
health in people who drink alcohol. It can therefore be
speculated that moderate alcohol drinking in patients with
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