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The role of nesfatin-1 in glucose homeostasis has been investigated previously. However, although numerous studies have
examined the relationships between circulating nesfatin-1 levels and type 2 diabetes, the conclusions are contradictory. We
aimed to probe the relationship between circulating nesfatin-1 levels and type 2 diabetes by meta-analysis. Seven studies
including 328 type 2 diabetes patients and 294 control subjects were included. Although there was no obvious difference in
circulating nesfatin-1 levels between patients with type 2 diabetes and the control group (MD =-0.04; 95% CI=—0.32 to —0.23),
subgroup analysis showed higher nesfatin-1 levels in newly diagnosed type 2 diabetes patients (MD =0.59; 95% CI=0.45 to
0.74) and significantly lower nesfatin-1 levels in type 2 diabetes patients receiving antidiabetic treatment (MD =-0.26; 95%
CI=-0.33 to —0.20). In conclusion, the analysis supports a relationship between circulating nesfatin-1 levels and type 2
diabetes, where newly diagnosed type 2 diabetes was associated with an elevated Nesfatin-1 level, and type 2 diabetes

patients receiving antidiabetic treatment showed lower circulating nesfatin-1 levels.

1. Introduction

Nesfatin-1 was first identified as an anorexigenic neuropep-
tide originating from nucleobindin-2 (NUCB2) [1]. Central
injection of nesfatin-1 inhibited dark-phase food intake and
was accompanied by a chronic reduction in body weight gain
and fat pads. Recent studies also revealed an antihyperglyce-
mic role of nesfatin-1 in glucose homeostasis [2]. Data has
shown that nesfatin-1 may act in the brain to regulate insulin
sensitivity [3]. Additionally, an effect of nesfatin-1 to increase
insulin release in beta cells under hyperglycemic conditions
has been described [4], and nesfatin-1 can cross the brain-
blood barrier bidirectionally in a nonsaturable manner [5].
These pieces of evidence suggest an important role of circu-
lating nesfatin-1 in energy homeostasis.

Currently, there are few sufficient therapeutic options for
patients with type 2 diabetes and new insights into the path-
ogenesis of this disease are urgently needed. Since the levels

of nesfatin-1 affect energy homeostasis, type 2 diabetes
may also be affected [6, 7]. However, studies evaluating
the relationship between circulating nesfatin-1 and type 2
diabetes have produced conflicting results. Some studies
revealed high levels of nesfatin-1 in patients with type 2
diabetes [8, 9], but others reported lower nesfatin-1 levels
in these patients [10-14]. Additionally, the potential causes
of these conflicting results have been poorly described.

In this meta-analysis, we aimed to clarify the association
between circulating nesfatin-1 levels and type 2 diabetes.

2. Methods

We observed the Meta-Analyses and Systematic Reviews of
Observational Studies (MOOSE) guidelines for this analy-
sis [15]. The included studies are searched according to
the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement [16].
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2.1. Data Sources and Searches. A systematic literature search
was carried out using four online databases, Embase,
PubMed, the Cochrane Library, and the Web of Science
up to January 2017. The key terms included in the search
strategy are mnesfatin-1, nesfatin, NUCB2, nucleobindin,
CALNUC, diabetes, diabetes mellitus, diabetes mellitus, type
2, type 2 diabetes, prediabetic, diabetic, glycemic, glycaemia,
glucose tolerance, and insulin sensitivity. The searching
method was performed without language restrictions.
When there was ambiguity about the results or insufficient
data for analysis, we contacted the authors to attempt to
obtain the necessary data. We also browsed the references
of included papers for potentially relevant publications.

2.2. Study Selection. We considered studies eligible if they met
the following inclusion criteria: (1) Patients with type 2
diabetes were used as the case group, and the control
group consisted of healthy people with normal glucose tol-
erance (NGT); (2) all type 2 diabetes patients had no other
complications; and (3) reported circulating nesfatin-1
levels were described sufficiently for calculation. Studies
were excluded based on the following exclusion criteria:
(1) Study information available only as abstracts, reviews,
case reports, editor opinions, or expert comments; (2) ani-
mal or in vitro experimentation; and (3) lacking necessary
data required for analyses.

2.3. Data Extraction and Quality Assessment. Two indepen-
dent reviewers (Zhai and Li) browsed all included studies
and extracted data from each study into a predefined spread-
sheet. If there was a discrepancy, the reviewers assessed the
data together to come to an agreement. The gathered infor-
mation included name of the first author, publication year,
country, study design, method of measuring circulating
nesfatin-1, type 2 diabetes diagnosis criteria, acceptance of
antidiabetic treatment, duration of type 2 diabetes, size of
case and control groups, circulating nesfatin-1 levels (pre-
sented as the mean with standard deviation), age, gender,
body mass index (BMI), and other baseline parameters.

We used the Newcastle-Ottawa Scale (NOS) [17] to
evaluate the quality of the included case-control studies
(Supplementary Table 2A). The quality assessment criteria
were as follows: (1) Whether the definition of type 2 dia-
betes was adequate with independent substantiation; (2)
whether the type 2 diabetes cases were typical; (3) whether
the control group subjects were from the same commu-
nity; (4) whether the controls were described as having
no preexisting type 2 diabetes or other type 2 diabetes-
related diseases; (5) whether the case and control groups
were matched or adjusted for age or BMI; (6) whether at
least one additional element, such as waist-hip ratio or diet
type, was matched for case and control groups; (7) whether
the study of exposure was performed under blind measure-
ment; (8) whether the cases and controls were assessed with
the same test methods; and (9) whether the cases and con-
trols exhibited the same nonresponse rates. Each criterion
was scored as 0 or 1 based on how well the criterion was
met. Studies with scores equal to or greater than seven were
classified as high-quality studies, and other studies were
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classified as moderate quality studies. The maximum score
attainable was 9.

We used the checklist recommended by the Agency
for Healthcare Research and Quality (AHRQ) [18] to
evaluate the quality of the included cross-sectional studies
(Supplementary Table 2B). The quality assessment criteria
were as follows: (1) Define the source of information (survey
and record review); (2) list inclusion and exclusion criteria
for exposed and unexposed subjects (cases and controls) or
refer to previous publications; (3) indicate time period used
for identifying patients; (4) indicate whether or not subjects
were consecutive if not population-based; (5) indicate if eval-
uators of subjective components of the study were masked to
other aspects of the status of the participants; (6) describe any
assessments undertaken for quality assurance purposes (e.g.,
test/retest of primary outcome measurements); (7) explain
any patient exclusions from analysis; (8) describe how con-
founding was assessed and/or controlled; (9) if applicable,
explain how missing data were handled in the analysis; (10)
summarize patient response rates and completeness of data
collection; (11) clarify what follow-up, if any, was expected
and the percentage of patients for which incomplete data or
follow-up was obtained. The maximum score attainable was
11, and studies with scores equal to or greater than eight were
classified as high-quality studies.

2.4. Data Synthesis and Analysis. We calculated the mean dif-
ference (MD) with 95% confidence intervals (CIs) for circu-
lating levels in type 2 diabetes groups versus controls.
Cochran’s Q (chi-square) test was used to verify and I* was
used to evaluate the heterogeneity among these studies.
I’>50% suggests considerable heterogeneity [19]. We used
a random effect model to pool the estimates [20]. Subgroup
analysis according to antidiabetic treatment, average age,
BMI, HOMA-IR ratio, blood samples, diagnosis criteria,
study type, and study quality was performed and used to
detect potential heterogeneity. Potential publication bias
was evaluated by the Egger’s test [21] and Begg’s test [22].
For most tests, P value <0.05 indicated a significant statis-
tical difference. For the Cochran’s Q test for heterogeneity,
a significant value was considered 0.1. All data were ana-
lyzed with the Review Manager (RevMan 5.3) statistical
software and Stata 12.0.

3. Results

3.1. Literature Search. The detailed steps of the literature
search are presented in Figure 1. The search strategy allowed
identification of 231 reports from the four databases. After
duplicates were removed, the titles and abstracts of 138
records were independently screened by two reviewers,
resulting in the selection of 16 articles that were then assessed
for eligibility. Finally, 7 reports were selected for inclusion in
this meta-analysis [8-14].

3.2. Study Characteristics. The seven selected studies were
published from 2010 to 2017 and together included 328
patients with type 2 diabetes and 294 healthy controls. The
characteristics of the studies are presented in Table 1 and
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Records identified through
searching embase
(n=70)

Records identified through
searching Web of Science
(n=67)

Records identified through

Records identified through

searching pubmed

searching cochrane library

(n=92)
|

(n=2)
|

Total records after being generated
(n=231)

Records after duplicates removed
(n=138)

Full-text articles assessed for eligibility
(n=16)

Discarded records (n = 122)
Reviews (n=27)
Study among animal (n = 44)
Study among irrelevant fields (n = 51)

Full-text articles excluded (n=9)
Improper control (n =5)
Focus on other interventions (n = 4)

Records included in qualitative synthesis
(n=7)

FiGure 1: Flow chart for selection of eligible studies.

Supplemental Table 1. Six studies were carried out in China
[9-14] and one in Turkey [8]. Six studies were in English
[8-13] and one was Chinese [14]. Three studies were cross-
sectional studies [9-11] and four were case-control studies
[8, 12-14]. The diagnosis of type 2 diabetes was based on
the criteria from the American Diabetes Association (ADA)
in three studies [10-12] and the World Health Organization
(WHO) in four studies [8, 9, 13, 14]. Two studies recruited
patients with newly diagnosed type 2 diabetes [8, 9], and
patients in the other five studies were type 2 diabetes patients
who had already received antidiabetic treatment [10-14].
Only Li et al. described the specific antidiabetic treatments,
either with insulin together with oral hypoglycemic agents
or oral hypoglycemic agents only [13]. Only three studies
reported the duration of type 2 diabetes [15-17]. Circulating
nesfatin-1 levels in all included studies were examined after
overnight fasting. Blood samples were obtained from the
serum in three studies [10, 11, 14] and from plasma in four
studies [8, 9, 12, 13] and were all measured by enzyme-
linked immunosorbent assay (ELISA). The group size ranged
from 20 to 74 in the included studies.

The quality assessment of the included studies is pre-
sented in Supplementary Table 2.

3.3. Overall Analysis. As illustrated in Figure 2(a), there were
no obvious differences in the circulating nesfatin-1 levels
between the type 2 diabetes group and control group
[MD =-0.04; 95% CI (—0.32 and —0.23), P =0.76]. The MD
from studies that exhibited significant heterogeneity was

assessed by a random effect model (I =95%, P < 0.00001).
Publication bias was evaluated and was considered insignifi-
cant (Begg’s test: P = 0.368; Egger’ test: P = 0.375).

3.4. Subgroup Analysis. Subgroup analysis was carried out to
explore the source of the heterogeneity. We found that low or
high nesfatin-1 level was related to whether patients received
treatment for type 2 diabetes. Therefore, we divided these
studies into two subgroups: the newly diagnosed type 2 dia-
betes subgroup (patients not receiving treatment) and the
antidiabetic treatment subgroup, and the results are shown
in Figure 2(b). Five studies were included in the antidiabetic
treatment subgroup [10-14], and analysis revealed that cir-
culating nesfatin-1 levels were significantly lower in patients
with antidiabetic treatment than the levels in controls
[MD=-0.26; 95% CI (-0.33 and -0.20), P <0.00001,
> =0%). Two studies were included in the newly diagnosed
type 2 diabetes subgroup [8, 9], and these patients showed
increased nesfatin-1 levels compared with control subjects
[MD =0.59; 95% CI (0.45 and 0.74), P < 0.00001, I* = 13%).
Although I square of both subgroups is lower than 50%, we
chose the random effect model in this subgroup analysis for
consistency. These results showed no evidence of heterogene-
ity and explained part of the heterogeneity problem of the full
analysis. As four studies from the antidiabetic treatment sub-
group were located in China [11-14], we next performed
pooled analysis, and the result was similar to that for the anti-
diabetic treatment subgroup [Figure 2(c), MD =-0.27; 95%
CI (-0.34 and —0.20), P < 0.00001, I* = 0%].
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Study or subgroup Cases Controls Mean difference Mean difference
Mean SD Total Mean SD Total Weight IV, random, 95% CI 1V, random, 95% CI
Algul et al. [10] 0.867 0.089 20 1.094 0.313 20 14.8%  —0.23 [-0.37, -0.08] -
Daietal. [11] 1.26  0.319 55 1.51 0.467 48 14.7%  —0.25[-0.41, -0.09] -
Guo et al. [8] 2.01 0.64 64 1.35 0.43 63 14.4% 0.66 [0.47, 0.85] -
Lietal. [12] 0.99 0.548 47 1.48 0.716 20 12.3%  -0.49 [-0.84, —0.14] -
Liu et al. [13] 0.73 0.14 30 1 0.23 30 152% -0.27 [-0.37,-0.17] -
Tang et al. [14] 0.86 0.42 38 1.1 0.34 40 14.6%  —0.24 [-0.41, -0.07] -
Zhang et al. [19] 1.91 0.79 74 1.41 0.58 73 14.0% 0.50 [0.28, 0.72] -
Total (95% CI) 328 294 100.0% —0.04 [-0.32, —0.23] ’
Heterogeneity: T2 = 0.13; y2 = 114.95 df = 6 (P < 0.00001); I* = 95% " " i T !
Test for overall effect: Z =0.30 (P =0.76) -1 -05 0 0.5 1
Study or subgroup Cases Controls Mean difference Mean difference
Mean SD  Total Mean SD  Total Weight IV, random, 95% CI 1V, random, 95% CI
1.2.1 Nonnewly diagnosed type 2 diabetes versus control
Algul et al. [10] 0.867 0.089 20 1094 0313 20  20.5% —0.23 [-0.37, —0.08] —
Daietal. [11] 1.26  0.319 55 1.51 0.467 48 16.9%  -0.25[-0.41, —0.09] -
Lietal. [12] 0.99  0.548 47 1.48 0.716 20 —0.49 [-0.84, —0.14]
Liu et al. [13] 0.73 0.14 30 1 0.23 30 44.8% -0.27 [-0.37,-0.17] -
Tang et al. [14] 0.86 0.42 38 1.1 0.34 40 14.4% -0.24 [-0.41, -0.07] -
Subtotal (95% CI) 190 158 100.0% —0.26 [-0.33, —0.20] ‘
Heterogeneity: 72 = 0.00; x> = 1.97 df = 4 (P = 0.74); I = 0%
Test for overall effect: Z=7.93 (P < 0.00001)
1.2.2 Newly diagnosed type 2 diabetes versus control
Guo et al. [8] 2.01 0.64 64 1.35 0.43 63 57.2% 0.66 [0.47, 0.85] ——
Zhang et al. [19] 1.91 0.79 74 1.41 0.58 73 42.8% 0.50 [0.28, 0.72] — &
Subtotal (95% CI) 138 136 100.0%  0.59 [0.44, 0.75] -
Heterogeneity: 7% = 0.00; y* = 1.14 df = 1 (P=0.28); I* = 13%
Test for overall effect: Z =7.47 (P < 0.00001)
-1 -0.5 0 0.5 1

Test for subgroup differences: y* = 98.90 df = 1 (P < 0.00001), I = 99.0%

C Control
Study or subgroup Mean ases ontrols

SD  Total Mean SD  Total Weight

Mean difference
1V, random, 95% CI

Mean difference
1V, random, 95% CI

Daietal. [11] 1.26  0.319 55 1.51 0.467 48 21.3%  —0.25[-0.41, -0.09] =

Lietal. [12] 0.99 0.548 47 1.48 0.716 20 —-0.49 [-0.84, —0.14]

Liu et al. [13] 0.73 0.14 30 1 0.23 30 56.4% —0.27 [-0.37,-0.17] i

Tang et al. [14] 0.86 0.42 38 1.1 0.34 40 18.1% -0.24 [-0.41, —0.07] "

Total (95% CI) 170 138  100.0% —0.27 [-0.34, —0.20] ‘

Het ity: 72 = 0.00; y* = 1.69 df = 3 (P = 0.64); I = 0% i T " '
eterogeneity: T X If=3( ) b 1 o5 0 05 )

Test for overall effect: Z =7.31 (P < 0.00001)

F1GURE 2: Forest plot of circulating nesfatin-1 levels and type 2 diabetes. (a) Overall meta-analysis of circulating nesfatin-1 levels in type 2
diabetes (random effects model). (b) Subgroup analysis of nesfatin-1 in newly diagnosed type 2 diabetes or antidiabetic treatment (random
effects model). (c) Subgroup analysis of type 2 diabetes with treatment from China (random effects model).

We also evaluated the heterogeneity for other relevant
factors across studies (Table 2). Subgroup analysis based on
average age (<55 or >55), study type (case-control or cross-
sectional), and study quality (<7 or >7) revealed no statistical
significance between the type 2 diabetes group and controls.
However, lower nesfatin-1 levels in type 2 diabetes were evi-
dent in some subgroups, such as the homeostasis model
assessment of insulin resistance (HOMA-IR) ratio (>4), diag-
nosis criteria (ADA), and the blood sample source (serum).

Further evidence is needed to examine potential differences
for these subgroups.

4. Discussion

This is the first meta-analysis examining nesfatin-1 levels in
diabetes mellitus, and the first meta-analysis of nesfatin-1
using studies obtained from popular databases. Using this
analytical method, we identified the cause of the discrepancy
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TaBLE 2: Summary risk estimates of circulating nesfatin-1 levels and type 2 diabetes mellitus.
Studies Random effects SMD (95% CI) I (%) P for heterogeneity
Overall 7 —-0.16 (-0.57, 0.24) 98 <0.00001
Subgroup analysis
Age
<55 3 0.00 (—0.41, 0.42) 94 <0.00001
>55 4 —0.08 (-0.53, 0.37) 96 <0.00001
BMI
<25 —-0.25 (—0.36, 0.13) 0 <0.0001
225 —-0.04 (-0.36, 0.44) 96 <0.00001
HOMA-IR ratio
<4 0.29 (—0.37, 0.95) 98 <0.00001
>4 —0.23 (-0.34, -0.12) 0 091
Unknown ~0.32 (~0.53, —0.11) 33 0
Blood sample
Plasma 4 ~0.03 (~0.11, 0.05) 0 0.98
Serum 3 —0.24 (-0.33, -0.15) 97 <0.00001
T2D criteria
WHO 4 0.16 (—0.31, 0.63) 97 <0.00001
ADA 3 —-0.26 (—0.36, —0.16) 0 0.39
Study type
Case-control 4 —-0.08 (-0.53, 0.37) 96 <0.00001
Cross-sectional 3 0.00 (-0.41, 0.41) 94 <0.00001
Study quality
Good 6 —0.01 (-0.35, 0.33) 96 <0.00001
Moderate — — —

in previous studies of circulating nesfatin-1 levels in type 2
diabetes patients.

Li et al. first investigated the fasting plasma levels of
nesfatin-1 in type 2 diabetes patients and found that fast-
ing nesfatin-1 levels were significantly lower in the type 2
diabetes group compared with the levels in healthy sub-
jects [12]. Several subsequent studies also reached the
same conclusion [10, 11, 13, 14]. However, Zhang et al.
reached the opposite conclusion [9]. They found that only
newly diagnosed type 2 diabetes patients showed increased
circulating nesfatin-1 levels compared to the controls. Guo
et al. reported similar results [8]. Two studies that were
identified during the literature search, but were not included
in the meta-analysis because they used different research
markers, both suggested that nesfatin levels were higher in
newly diagnosed patients than in controls [23, 24]. Nakata
et al. reviewed the conflicting data and claimed that the
discrepancy in the conclusions was caused by differences
in BMI and insulin resistance of the patient [25]. However,
Guo et al. and Zhang et al. both concluded that the discrep-
ancy might be caused by differences in study design, includ-
ing patient selection and experimental conditions [8, 9].
Khalili et al. agreed with this suspicion in their review in
2016 [26]. Therefore, multiple factors may contribute to the
different results.

The overall meta-analysis did not show a significant rela-
tionship of circulating nesfatin-1 levels for type 2 diabetes

patients, and we suspect that this result was mainly caused
by the substantial heterogeneity (I =95%). Thus, we oper-
ated numerous subgroup analyses to search for the source
of heterogeneity. Subgroup analysis was based on several fac-
tors that may relate to nesfatin-1 levels, including whether
patients received antidiabetic treatment for type 2 diabetes,
regional differences, blood sample source, diagnosis criteria,
study type, and study quality.

As shown in Figure 2(b), circulating nesfatin-1 levels
were significantly lower in type 2 diabetes patients receiving
antidiabetic treatment, but newly diagnosed type 2 diabetes
patients exhibited considerably higher levels of circulating
nesfatin-1. The significantly reduced heterogeneity in both
groups suggested that treatment for type 2 diabetes is the
main source of heterogeneity.

Nesfatin-1 is reported to exert an antihyperglycemic
effect under impaired glucose metabolism conditions [2]. It
may also act in the brain to upregulate insulin sensitivity
[3] and increase insulin release in beta cells in response to
hyperglycemia [4]. Nesfatin-1 was also found to inhibit food
intake in the central nervous system [1], but the regulatory
mechanism remains unclear. Since nesfatin-1 can cross
the brain-blood-barrier [5] and hypothalamic nesfatin-1
can significantly inhibit food intake [1], Li et al. proposed
that diabetic polyphagia is caused by decreased circulating
nesfatin-1 levels [12]. Studies have also shown that
nesfatin-1 can stimulate the lipid metabolism and exhibit
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anti-inflammatory effects [27]. Since type 2 diabetes often
occurs with obesity [6], insulin action dysfunction [7],
eating disorders [28], and inflammation [29] and recent
studies have reported anti-inflammatory effects of nesfatin-
1 [30, 31]; a reasonable model is that there are increased cir-
culating nesfatin-1 levels in patients with newly diagnosed
type 2 diabetes, reducing blood glucose, inhibiting food
intake, increasing lipid metabolism, and countering inflam-
mation. In patients with type 2 diabetes who are receiving
antidiabetic treatment, circulating nesfatin-1 levels are
decreased, as antidiabetic treatments target the reduction
of blood glucose, increased insulin sensitivity, and con-
trolled food intake.

Although Li et al. reported that fasting plasma levels of
nesfatin-1 were positively correlated with age [12], our
subgroup analysis for age did not identify reduced hetero-
geneity. Similarly, the partly high levels of heterogeneity in
BMI, HOMA-IR, blood sample source, diagnosis criteria,
study type, and study quality subgroups suggested that
these factors might not contribute to the observed hetero-
geneity in the overall meta-analysis. Due to the limited
number of included studies, more researches in this area
are needed to come to the conclusion.

Since the long duration of type 2 diabetes is accompanied
with antidiabetic treatment and the newly diagnosed type 2
diabetes corresponds to a shorter duration, subgroup analysis
of the acceptance of antidiabetic treatment can partially illus-
trate the relationship between circulating nesfatin-1 levels
and the duration of the disease. Although circulating
nesfatin-1 levels may be affected by the duration of type 2
diabetes, this information was only included in three studies,
preventing subgroup or regression analysis.

The present meta-analysis has several limitations. First,
as only seven studies were included in this meta-analysis,
the potential significance in the overall meta-analysis
may not be shown. Second, we tried but failed to get the
original data of the included studies, so the accuracy of
the data cannot be guaranteed. Third, as most of these
studies were performed in China (shown as Figure 2(b)),
regional differences may also lead to differences in results
and further studies in different regions are required to test
this hypothesis. Additionally, only case-control and cross-
sectional data were searched from the databases and included
here, which makes it difficult to evaluate the causal associa-
tion between nesfatin-1 levels and the progression of type 2
diabetes. Further examination of this temporality requires
more evidence-like cohort studies.

5. Conclusion

From this systematic review and meta-analysis, we concluded
that there is a relationship between circulating nesfatin-1
levels and type 2 diabetes, and that circulating Nesfatin-1
levels may depend on whether the subjects received antidia-
betic treatment or partly relate to the disease duration. Type
2 diabetes patients receiving antidiabetic treatment or with
long disease duration exhibited lower circulating nesfatin-1
levels, and early-stage type 2 diabetes was associated with

an elevated nesfatin-1 level, possibly due to a compensation
mechanism for blood glucose and food intake.

This meta-analysis suggested a potential role of nesfatin-
1 in type 2 diabetes, and the nesfatin-1 level may be a good
indicator of the progression type 2 diabetes and a target for
antidiabetic treatment. Although the roles of nesfatin-1 in
the pathogenesis of type 2 diabetes are presently not well
understood, nesfatin-1 therapy may be an effective future
treatment for obesity and diabetes.
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