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Background: Fibroblast growth factor-21 (FGF-21) plays multiple roles in pathophysiological processes of
the human body. Previous studies have evidenced FGF-21 to be an inhibitor of vascular calcification through
a variety of mechanisms. Increased levels of serum FGF-21 are known to be associated with an elevated risk
of coronary heart disease; however, the factors affecting the expression of FGF-21 are currently unclear. This
study aimed to observe the effects of some medications and other factors on serum FGF-21 levels in patients
with diabetes.

Methods: Bascline characteristics of patients with diabetes, including body mass index (BMI), medication,
level of exercise, and other information, were collected and analyzed, and their baseline levels of serum FGF-
21 were tested. The relationship of serum FGF-21 levels with these characteristics was analyzed.

Results: A total of 2118 patients were enrolled in the final analysis. Results revealed that the serum levels of
FGF-21 in patients with a high BMI were elevated compared to those in patients with a normal or low BMI.
Furthermore, the serum levels of FGF-21 in patients who engaged in regular exercise were higher than those
in patients who exercised intermittently or not at all. No significant differences existed between patients who
received different anti-diabetic drugs, or between patients treated with different antihyperlipidemic drugs.
Also, angiotensin-converting enzyme inhibitors and angiotensin receptor blockers had no obvious effects on
serum levels of FGF-21 in patients with diabetes.

Conclusions: Drugs used in the treatment of patients with diabetes have no significant effects on
serum levels of FGF-21. Obese patients had higher serum levels of FGF-21 than did non-obese patients.
Participating in sports might increase the levels of FGF-21 in patients with diabetes.
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Introduction

The key roles of fibroblast growth factor-21 (FGF-21)
in multiple pathophysiological processes of the human
body have been increasingly evidenced. Preliminary basic
research by our research group proved that FGF-21 can

inhibit vascular calcification via diverse mechanisms (1-4).
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At the same time, studies have found elevated levels of
serum FGF-21 to be associated with an increased risk
of coronary heart disease (5-8); although, Chou ez al.
reported that serum FGF-21 levels are unable to predict
cardiovascular events in the general population without
a history of cardiovascular disease (8). Chou er al. also
found that serum FGF-21 levels bore no relationship

Ann Palliat Med 2021;10(3):3258-3266 | http://dx.doi.org/10.21037/apm-21-525


https://crossmark.crossref.org/dialog/?doi=10.21037/apm-21-525

Annals of Palliative Medicine, Vol 10, No 3 March 2021

with carotid artery intima-media thickness, ankle-brachial
index, or coronary artery calcification (8). However,
other studies are inconsistent with this. For instance, the
levels of serum FGF-21 in patients with hypertension,
myocardial infarction, and heart failure have been reported
by some researchers to be significantly increased. On the
contrary, myocardial ischemia has also been associated with
a decrease in circulating FGF-21 levels (8-10). Thus, it
can be seen that a large number of studies have produced
complex results, which often show inter-study inconsistency
and contradictions. We believe that one of the reasons
for the variability in study results to date is likely to be
related to different conditions, physiques, living habits, and
medications of patients. At the same time, on the basis of
previous research, we know that there are many risk factors
for myocardial infarction.

A variety of diseases and factors, including genetic and
environmental factors, may cause myocardial infarction (11-13).
These factors can dilute the predictive value of a certain
risk factor, and only those that are most closely related to
coronary atherosclerotic plaque, such as blood pressure
and blood lipids, are able to predict the risk of myocardial
infarction (14-16). Even in the best designed clinical studies,
patients are sometimes observed to have multiple risk
factors but no obvious coronary stenosis, which shows risk
factors to be only a statistical concept. At present, the era
of precision medicine is ongoing, and genetic testing can
accurately evaluate and predict the occurrence of diseases
and treatment effects. Individualization is one feature of
precision medicine, which relates to different patients
having different evaluation strategies and indicators (17,18).
Therefore, in this study, we aimed to screen out specific
predictors for specific patients. It is necessary to gradually
narrow the scope of research to a certain type of patient.

Years of research have shown conditions such as
hypertension, coronary heart disease, liver disease, and
kidney disease to have a certain degree of association with
FGF-21 levels; however, FGF-21 is not helpful for the
clinical diagnosis, treatment, evaluation, and prediction of
these conditions, so it cannot be applied in clinical practice.
However, FGF-21 has been evidenced to be more closely
related to diabetes. Thus, research to further investigate
FGF-21 in diabetic patients is called for. Moreover, as
diabetes is etiologically and mechanistically complicated,
and can be divided into many subtypes, subdivision of
diabetic patients could prove to be especially worthwhile
in illuminating the extent of the relationship of FGF-21
with different subtypes (18). As part of such research, it is

© Annals of Palliative Medicine. All rights reserved.

3259

important to consider the factors associated with circulating
FGF-21 levels in patients with diabetes. Therefore, to
preliminarily test this conjecture and to examine the
influence of related factors on serum FGF-21 levels in
patients with diabetes, we further analyzed the relationship
of serum FGF-21 levels with medication status, exercise
status, and body mass index (BMI) in patients with diabetes.
We present the following article in accordance with the
MDAR checklist (available at http://dx.doi.org/10.21037/
apm-21-525).

Methods
Study population

Patients with diabetes who were treated in Beijing
Aerospace General Hospital from August 2013 to February
2018 were included. The inclusion criteria for patients
were: (I) type 2 diabetes; (II) aged >18 years; (III) had
received medication for hyperglycemic treatment; (IV)
complete clinical data; (V) provided signed informed
consent; and (VI) frozen blood samples were kept on
admission. The exclusion criteria were: (I) connective
tissue disease; (II) malignant tumor; (III) heart failure; (IV)
patient had decreased renal function or was undergoing
dialysis; (V) active liver disease; (VI) pregnancy; (VII) use of
diuretics; and (VIII) drug therapy for diabetes had not been
initiated. This study was approved by the Ethics Committee
of Beijing Aerospace General Hospital (No. 2003-02). All
procedures involving human participants in this study were
performed in accordance with the Declaration of Helsinki
(as revised in 2013). The requirement for individual consent
for this retrospective analysis was waived.

Data collection

After enrollment, patient information including medical
history, medication (glucose-lowering drugs, lipid-
lowering drugs, angiotensin-converting enzyme inhibitors,
angiotensin receptor antagonists), lifestyle habits (smoking,
alcohol consumption, and other unhealthy habits), as well
as the results of physical and auxiliary examination, and
laboratory tests. Considering that the medication statuses
of most patients are complex and change regularly, it was
impossible to determine the specific use time and dose
of a drug. Therefore, we only recorded whether or not a
drug was used and did not distinguish the specific drug
dose. The main clinical factors included: duration of
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diabetes, the absence or presence of cardiovascular and
cerebrovascular diseases, height, weight, blood glucose
level, glycosylated hemoglobin level, blood pressure,
blood lipids level, electrolytes, liver indicators (such as
alanine aminotransferase, aspartate aminotransferase,
total bilirubin, direct bilirubin protein, albumin, and
globulin), renal function indicators (serum creatinine, urea
nitrogen, and uric acid), cardiac ultrasound parameters
(mainly including cardiac structure indicators, such as left
ventricular end-diastolic diameter, and cardiac function
indicators such as left ventricular ejection fraction). Blood
for the FGF-21 test was acquired at enrollment and stored
at 80 C after centrifugation. At the end of this study, FGF-
21 was evaluated for each patient by enzyme-linked immune
absorption using a kit bought from TaKaRa (Kyoto, Japan).

Statistical analysis

SPSS 17.0 statistical software (Illinois, Chicago, USA) was
used for all statistical analyses. When the data conformed
to a normal distribution, it was expressed as the mean =
standard deviation, and the ¢ test was used for between-
group comparison. When the data did not conform to a
normal distribution, the rank-sum test was used. Qualitative
data were expressed as the rate or composition ratio, and
between-group comparison was performed with the y* test
or Fisher’s exact test. Univariate and multivariate regression
analyses were carried out to screen the factors related to
serum FGF-21 level. P<0.05 indicated that a difference was
statistically significant.

Results
Baseline characteristics of the enrolled patients

According to the inclusion and exclusion criteria,
2,118 patients with type 2 diabetes were included in the
study. The patients were aged from 43 to 71 years, with the
average age being (51.3£11.9) years old. Among them, there
were 1,307 males (61.7%) and 811 females (38.3%), for
whom the duration of diabetes ranged from 0.5 to 17 years,
with an average duration of (4.2+2.7) years. Many patients in
the group had hypertension, chronic obstructive pulmonary
disease, chronic kidney disease, or history of stroke (and
its sequelae), so most patients were taking multiple drugs
concurrently, including antihypertensive drugs, lipid-
lowering drugs, glucose-lowering drugs, antiplatelet drugs,
anticoagulants, and drugs to protect kidney function.
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Therefore, in this study, it was impossible to analyze each
specific drug in detail, and only the relationship between
the category of drug and the circulating FGF-21 levels of
patients could be analyzed. See Table 1 for details.

The relationship between drug use and serum FGF-21
levels in diabetic patients

The patients were divided into 3 groups according to the
levels of serum FGF-21: low, medium, and high. The
medication status of patients with low, medium, and high
levels of serum FGF-21 is shown in Table 2. From the
results of the overall analysis of drug types, it could be seen
that in most cases, there was no clear relationship between
the use of a drug and the levels of FGF-21. Furthermore,
among patients with high levels of FGF-21, the proportion
of obese patients was significantly higher than that in the
groups with low or medium levels of FGF-21. After further
grouping the patients according to BMI, we found that the
levels of FGF-21 in obese patients were significantly higher
than those of patients with a normal or low BMI. However,
there was no statistical difference between the circulating
levels of FGF-21 in patients with a low BMI and those with
a normal BMI (7able 3). At the same time, we also observed
that in the high-level group, the proportion of patients who
did a large amount of exercise was significantly increased
compared to the other 2 groups. Further grouped analysis
based on the amount of exercise revealed that the greater

the amount of exercise a patient did, the higher the level of
serum FGF-21 (Table 4).

Discussion

The relationship between drugs and blood test results is a
commonly arising and important clinical issue. Many blood
parameters can serve as indicators of drug efficacy. For
instance, the effective treatment of heart failure is evidenced
by a continuous downward trend in plasma brain natriuretic
peptide (18). Similarly, C-reactive protein gradually
declines to normal levels with effective antibiotic treatment
or inflammation control (19). Meanwhile, the success of
some other drugs is indicated by an upward trend in certain
indicators (20-22). Therefore, investigating the influence
of various drugs on the expression levels of key molecules
involved in pathophysiological processes can provide a basis
for subsequent intervention strategies.

As mentioned earlier, FGF-21 may play an important
role in the process of vascular calcification. Therefore, it is
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Table 1 Baseline characteristics of patients with diabetes (n=2,118)

Iltems General (n=2,118)  Male (n=1,307) Female (n=811) t/x value P value
Age (years, mean + SD) 51.3+11.9 51.1+12.1 51.6+11.8 -0.933 0.351
Duration of diabetes (years, mean + SD) 4.2+2.7 4.2+2.8 4.2+2.7 0.000 0.996
Hypertension (n, %) 1,067 (50.4) 669 (51.2) 398 (49.1) 0.892 0.345
CHD (n, %) 819 (38.7) 507 (38.8) 312 (38.5) 0.022 0.883
Glucose (mmol/L, mean + SD) 5.87+1.45 5.91+1.51 5.81+1.42 1.515 0.130
HbA1c (%, mean + SD) 5.82+1.38 5.86+1.42 5.76+1.50 1.542 0.123
Cr (umol/L, mean + SD) 67.4+24.6 68.1+25.9 66.3+25.1 1.624 0.105
ALT (U/L, mean + SD) 27.5+12.8 27.2+13.5 28.0+14.2 -1.299 0.194
TC (mmol/L, mean + SD) 5.36+1.22 5.39+1.31 5.31+1.28 1.378 0.168
LDL-C (mmol/L, mean + SD) 3.42+1.02 3.44+1.12 3.39+1.08 1.012 0.312
HDL-C (mmol/L, mean + SD) 1.11+0.38 1.10+0.41 1.13+0.48 -1.532 0.126
TG (mmol/L, mean + SD) 2.01+1.03 2.02+1.08 1.99+1.06 0.626 0.532
SBP (mmHg, mean + SD) 132.5+21.6 133.2+22.8 131.4+23.2 1.754 0.080
HR (bpm, mean + SD) 70.4+11.3 70.1+12.2 70.9+13.4 -1.412 0.158
Insulin (n, %) 483 (22.8) 286 (21.9) 197 (24.3) 1.650 0.199
SUs (n, %) 371 (17.5) 221 (16.9) 150 (18.5) 0.872 0.350
Metformin (n, %) 1,139 (53.8) 713 (54.6) 426 (52.5) 0.825 0.364
aGl (n, %) 873 (41.2) 524 (40.1) 349 (43.0) 1.787 0.181
Glinides (n, %) 715 (33.8) 433 (33.1) 282 (34.8) 0.604 0.437
Thiazolidinediones (n, %) 317 (15.0) 201 (15.4) 116 (14.3) 0.455 0.500
GLP-1 RA (n, %) 92 (4.3) 58 (4.4) 34 (4.2) 0.073 0.788
ACEI (n, %) 421 (19.9) 267 (20.4) 154 (19.0) 0.651 0.420
ARB (n, %) 475 (22.4) 281 (21.5) 194 (23.9) 1.687 0.194
BRB (n, %) 101 (4.8) 65 (5.0) 36 (4.4) 0.315 0.575
CCB (n, %) 628 (29.7) 382 (29.2) 246 (30.3) 0.293 0.588
Diuretics (n, %) 23 (1.1) 16 (1.2) 7(0.9) 0.607 0.436
Statins (n, %) 1,642 (77.5) 1,001 (76.6) 641 (79.0) 1.725 0.189
Fibrates (n, %) 277 (13.1) 165 (12.6) 112 (13.8) 0.619 0.431
Ezemeb (n, %) 103 (4.9) 63 (4.8) 40 (4.9) 0.014 0.907
Acipimox (n, %) 76 (3.6) 49 (3.7) 27 (3.3) 0.255 0.614

CHD, coronary heart disease; Cr, creatine; ALT, alanine aminotransferase; TC, total cholesterol; LDL-C, low-density lipoprotein cholesterol;
HDL-C, high-density lipoprotein cholesterol; TG, triglycerides; SBP, systolic blood pressure; HR, heart rate; SU, sulfonylureas; oGl,
glycosidase inhibitor; GLP-1 RA, glucagon-like peptide-1 receptor agonist; ACEI, angiotensin-converting enzyme inhibitor; ARB,
angiotensin receptor blocker; BRB, B receptor blocker; CCB, calcium channel blocker.
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Table 2 The relationship between serum FGF-21 levels and drug use, BMI, and exercise in patients with diabetes

Drugs Low (n=706) Medium (n=706) High (n=706) t or y*value P value

Insulin (n, %) 3.927 0.140
Yes 143 (20.3) 169 (23.9) 171 (24.2)
No 563 (79.7) 537 (76.1) 535 (75.8)

SUs (n, %) 4.124 0.127
Yes 124 (17.6) 138 (19.5) 109 (15.4)
No 582 (82.4) 568 (80.5) 597 (84.6)

Metformin (n, %) 4175 0.124
Yes 374 (53.0) 401 (56.8) 364 (51.6)
No 332 (47.0) 305 (43.2) 342 (48.4)

aGl (n, %) 0.982 0.612
Yes 299 (42.4) 281 (39.8) 293 (41.5)
No 407 (57.6) 425 (60.2) 413 (58.5)

Glinides (n, %) 0.220 0.896
Yes 243 (34.4) 237 (33.6) 235 (33.3)
No 463 (65.6) 469 (66.4) 471 (66.7)

Thiazolidinediones (n, %) 0.564 0.753
Yes 111 (15.7) 105 (14.9) 101 (14.3)
No 595 (84.3) 601 (85.1) 605 (85.7)

GLP-1 RA (n, %) 0.636 0.728
Yes 34 (4.8) 28 (4.0) 30 (4.2)
No 672 (95.2) 678 (96.0) 676 (95.8)

ACEls (n, %) 0.664 0.718
Yes 135 (19.1) 147 (20.8) 139 (19.7)
No 571 (80.9) 559 (79.8) 567 (80.3)

ARBs (n, %) 0.093 0.955
Yes 161 (22.8) 153 (21.7) 161 (22.8)
No 545 (77.2) 553 (78.3) 545 (77.2)

BRB (n, %) 1.545 0.462
Yes 29 (4.1) 39 (5.5) 34 (4.8)
No 677 (95.9) 667 (94.5) 672 (95.2)

CCB (n, %) 0.887 0.642
Yes 202 (28.6) 208 (29.5) 218 (30.9)
No 504 (71.4) 498 (70.5) 488 (69.1)

Diuretics (n, %) 1.670 0.434
Yes 8(1.1) 5(0.7) 10 (1.4)
No 698 (98.9) 696 (99.3) 691 (98.6)

Statins (n, %) 3.452 0.178
Yes 537 (76.1) 541 (76.6) 564 (79.9)
No 169 (23.9) 165 (23.4) 142 (20.1)

Table 2 (continued)
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Table 2 (continued)
Drugs Low (n=706) Medium (n=706) High (n=706) t or ¥*value P value
Fibrates (n, %) 0.258 0.879
Yes 90 (12.7) 91 (12.9) 96 (13.6)
No 616 (87.3) 615 (87.1) 610 (86.4)
Ezemeb (n, %) 2.286 0.319
Yes 33 (4.7) 29 (4.1) 41 (5.8)
No 673 (95.3) 677 (95.9) 665 (94.2)
Acipimox (n, %) 2.156 0.340
Yes 21 (3.0 24 (3.4) 31 (4.4)
No 685 (97.0) 682 (96.6) 675 (95.6)
BMI 164.971 <0.001
<18.5 (n=129) 41 (31.8) 63 (48.8) 25 (19.4)
18.5-23.9 (n=827) 303 (36.6) 361 (43.7) 164 (19.8)
>23.9 (n=1,162) 362 (31.2) 282 (24.3) 517 (44.6)
Sports 241.719 <0.001
Regular (=372, n, %) 47 (12.6) 102 (27.4) 223 (59.9)
Sometimes (=519, n, %) 115 (22.2) 232 (44.7) 172 (33.1)
Never (n=1,227, n, %) 544 (44.3) 372 (30.3) 311 (25.3)

FGF-21, fibroblast growth factor-21; BMI, body mass index; SU, sulfonylureas; oGl, glycosidase inhibitor; GLP-1 RA, glucagon-like
peptide-1 receptor agonist; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; PRB, B receptor blocker;

CCB, calcium channel blocker.

Table 3 Comparison of serum FGF-21 levels in patients with

of great clinical significance to explore the effects of drugs

different BMI

BMI (kg/m?) Cases (n, %) FGF-21 (pg/mL)
<18.5 129 (6.1) 89.3+32.7
18.5-23.9 827 (39.0) 196.5+41.9
>23.9 1,162 (54.9) 266.5+55.3

P <0.05

BMI, body mass index.

Table 4 Comparison of serum FGF-21 levels in patients with

different exercise levels

Exercise Case (n, %) FGF-21 (pg/mL)
Regular 372 (17.6) 273.6+60.1
Sometimes 519 (24.5) 241.9+50.4
Never 1,227 (57.9) 209.0+46.8

P <0.05

FGF-21, fibroblast growth factor-21.
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frequently used in clinical practice on the expression of
FGF-21. However, relatively few studies on the effects of
drugs on FGF-21 expression have been conducted. Lee ez a/.
subcutaneously injected recombinant insulin secretagogue
into the abdomen of patients with type 2 diabetes and found
that it reduced the patients’ levels of serum FGF-21 (23).
Another study reported that rosiglitazone could reduce
the serum levels of FGF-21 and improve insulin resistance
in patients with diabetes (24). A study investigating the
effects of metformin on the expression of serum FGF-21
noted that metformin elevated the serum levels of FGF-
21 in rats fed a normal diet (25). Meanwhile, in another
study, the non-sulfonylurea secretagogue mitiglinide was
observed to reduce the serum FGF-21 levels of patients
with type 2 diabetes; the authors proposed that mitiglinide
may reduce plasma FGF-21 expression in diabetic patients
through alleviating metabolic disorders and improving
insulin resistance (26). In their study, Yang ez /. found that
liraglutide could increase the levels of FGF-21 in mice,
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thereby improving the resistance of the mice to “FGF-
217 (27). Unlike Yang et 4l.’s mouse study, a clinical study
involving patients with diabetes found that liraglutide use
had no significant impact on serum FGF-21 levels (28).
However, there is much inconsistency among the results
of studies on this drug. For instance, Patel e 4l. found that
the serum FGF-21 levels of newly diagnosed obese diabetic
patients decreased after liraglutide was used (29), which
was consistent with results reported by Lynch ez a/. (30).
From all of these reports, it is evident that investigations of
FGF-21 levels in diabetic patients have produced extremely
inconsistent results to date. Furthermore, there is a lack
relevant research on the relationship of circulating FGF-21
levels with drugs other than those described above. Thus,
further investigations to address these inconsistencies and
gaps in the knowledge would be worthwhile.

Through retrospective analysis, the current study
demonstrated that the types of drugs commonly used to
treat diabetes have no significant effect on the expression
levels of circulating FGF-21 in diabetic patients. However,
this result is inconsistent with those of some other studies.
Possible explanations for our present result may be: (I)
the drugs studied do not have a significant effect on the
expression of circulating FGF-21 in humans. (IT) The
interactions between multiple drugs cancelled out the
effects on FGF-21 expression in our patients. (III) Drugs
may affect the expression levels of FGF-21 in tissues but
not at the circulatory level. (IV) The large sample size,
other factors, and the large number of drugs being taken
concurrently by patients in our study concealed the effects
of specific drugs on the expression of FGF-21. (V) The
target population of the present study differs from those of
other studies.

FGF-21 is an important regulator of human liver lipid
metabolism. Type 2 diabetes is associated with obesity, lipid
metabolism disorders, and other problems, which can result
in increased levels of circulating FGF-21. The present
study found that obese patients had higher circulating FGF-
21 levels than non-obese patients, which is consistent with
previous observations (31). However, among our diabetic
patients, we also found that the greater the amount of
exercise, the higher the circulating FGF-21 levels, which
is consistent with the findings of related studies (32,33).
However, there appears to be some contradiction regarding
FGF-21 levels being high in both patients who were obese
and patients who exercised regularly. Firstly, the elevation
in the plasma levels of FGF-21 in obese patients suggests
that high levels of FGF-21 may be an unfavorable factor

© Annals of Palliative Medicine. All rights reserved.
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in the human body. However, exercise, which is especially
beneficial to patients with diabetes and obesity, also
increased the level of FGF-21. Thus, it is unclear whether
a high level of FGF-21 is a risk factor or a protective factor
for diabetic patients. Secondly, if FGF-21 elevation is a
protective factor, then the increase in its circulatory levels
may be a feedback protection in obese patients. If this
mechanism exists, then patients with diabetes and obesity
should increase their levels of physical exercise, which is
not consistent with current mainstream views. However,
currently, this feedback mechanism is only a conjecture, and
its verification through experimental research is a direction
and focus of future study.

Based on the results of previous studies, it is difficult
to draw a conclusion about whether circulating FGF-21
is increased or decreased in diabetic patients, or if it is a
protective factor. Certain drugs which have been proven
by multiple large-scale clinical trials to reduce patient risk
and improve prognosis have also been shown to decrease
circulating FGF-21 levels in patients, including liraglutide
and metformin (34,35). However, the specific mechanisms of
the overall benefit of these drugs may not be related to their
effects on FGF-21. Meanwhile, other drugs have been shown
to increase the levels of FGF-21 in iz vivo studies; however,
the results have been very inconsistent. The results of this
study and other studies show that exercise can increase the
levels of FGF-21 in diabetic patients, which contradicts the
reduction in FGF-21 expression levels seen with the use of
drugs. Therefore, follow-up research should be conducted
to further analyze whether the effects of various factors
directly or indirectly lead to changes in the expression
levels of circulating FGF-21 in patients with diabetes. The
value of retrospective research is to provide hint or clue for
further studies. Solid evidence mainly come from RCTs or
experimental studies. To overcome this problem, we should
carry out prospective studies in the future.
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