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Abstract

Objective: This meta-analysis was performed to assess the difference in the serum level of
advanced glycation end products (AGEs) between patients with obstructive sleep apnea—hypo-
pnea syndrome (OSAHS) and controls.

Methods: A systematic literature search was performed using PubMed, Elsevier, SCI, Wanfang,
Weipu, and China National Knowledge Internet. Eligible studies that reported the serum AGE
level in patients with OSAHS were identified by two reviewers. Review Manager version 5.2
(The Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen, Denmark) and R
version 3.10 (www.r-project.org) were employed for data synthesis.

Results: Five studies involving 670 subjects were identified. The meta-analysis showed that the
mean serum AGE level in the OSAHS group was 0.98 mmol/L higher than those in the control
group (95% confidence interval, 0.69-1.27).

Conclusions: This meta-analysis showed that the serum AGE level was elevated in patients with
OSAHS. This finding suggests that AGEs may play an important role in insulin resistance in
OSAHS and serve as a biomarker for patients with OSAHS with a high risk of type 2 diabe-
tes mellitus.
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Introduction

Obstructive sleep apnea hypopnea syn-
drome (OSAHS) is a very common disease
caused by partial or complete collapse of
the upper respiratory tract during sleep.
This condition affects about 26% of
adults and is an increasing concern among
the general population.' Rapidly growing
evidence from laboratory-, clinic-, and
population-based studies has shown that
OSAHS is associated with glucose intoler-
ance, insulin resistance, and type 2 diabetes
independent of obesity.? However, the
mechanisms underlying OSAHS-induced
complications of insulin resistance are not
fully understood. Advanced glycation end
products (AGEs) are proteins and lipids
produced by non-enzymatic glycation and
oxidative stress in the hyperglycemic
state.” AGEs are involved in the pathogen-
esis of diabetic vascular complications.
Some studies have suggested that AGEs
participate in the pathogenesis of insulin
resistance. Recent studies have also sug-
gested that circulating AGEs are associated
with insulin resistance in patients with-
out diabetes.*

However, whether the serum AGE level
in patients with OSAHS is higher than that
in their healthy counterparts remains con-
troversial. The findings of studies vary sub-
stantially, mainly because of differences in
research designs and thus use of small
sample sizes. Therefore, the purpose of
this meta-analysis was to integrate the
available data to better determine whether
the serum AGE level is elevated in patients
with OSAHS.

Material and methods

Search strategy

Relevant articles were identified from sever-
al online electronic databases (PubMed,
Elsevier, SCI, Wanfang, and Weipu and
China National Knowledge Internet) using
the following search terms: “sleep apnea
or obstructive sleep apnea—hypopnea
syndrome” and “advanced glycation end
products or AGEs.” Potentially relevant
publications were evaluated for inclusion
against prespecified eligibility and exclusion
criteria.

Inclusion/exclusion criteria of literature

Studies were included in the meta-analysis if
they satisfied the following criteria:

1. The study design was case—control study.

2. All subjects underwent polysomnographic
monitoring to document the apnea index;
those whose apnea—hypopnea index
(AHI) was >5 were included in the case
group, and those whose AHI was <5 were
included in the control group.

3. All patients had a first-time diagnosis of
OSAHS and had received no treatment.

4. The study provided sufficient data that
allowed for a meta-analysis. If the avail-
able information was not sufficient to
extract the data, the study was excluded.

5. All participants were free of chronic dis-
eases such as cardiovascular diseases
and diabetes.
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Statistical analysis

Continuous data are presented using the
standardized mean difference (SMD) and
95% confidence interval (CI). A random-
effects model was applied when the P-value
of the chi-squared (I?) statistic was <0.05.%%
The forest plot was computer-generated.
Potential publication bias was assessed using
Begg’s test and Egger’s test.” !! The contribu-
tion of each study to the final results of the
meta-analysis was evaluated according to the
sensitivity analysis. Subgroup analysis was
performed to access the impact of language
(articles in English and articles not in English)
and the AHI (<30 and >30). All statistical
analyses were performed using the Meta
package in R version 3.10 (www.r-project.
org) and Review Manager version 5.2 (The
Nordic Cochrane Centre, The Cochrane
Collaboration, Copenhagen, Denmark).

Ethics

This study was a meta-analysis; thus,
approval by an ethics committee or institu-
tional review board was not necessary.

Results

Search results

The initial search was independently execut-
ed by 3 reviewers (Xingyu Wu, Wensheng
She, and Xun Niu), and 19 articles were
preliminarily selected. The 19 articles were
roughly screened by title and abstract on
the basis of the inclusion and exclusion cri-
teria. After a thorough consensus was
achieved among the 3 reviewers, 12 articles
were found to be appropriate for the meta-
analysis. These 12 articles were then sub-
jected to a second-stage review. Finally,
five studies'* '® were included in our meta-
analysis. The comprehensive literature
search and selection procedures are dis-
played in Figure 1.

Features of included studies

Five studies involving 670 participants were
included in the meta-analysis. The publica-
tion year, authors, study design, sample size,
national source, and level of evidence of
each study are listed in Table 1. All studies
were defined as level 3 case—control studies
based on the study design.!” The mean AHI,
age, and AGE level in each study are shown
in Table 2.

Results of meta-analysis

The value of I? was 51%, indicating moder-
ate heterogeneity among the studies.
Therefore, we used a random-effects model
to combine the effect size. The meta-analysis
showed that the mean serum AGE level was
0.98 pmol/L higher in the OSAHS than con-
trol group (95% CI, 0.69-1.27, P=0.08)
(Figure 2).

Sensitivity analysis

A sensitivity analysis was performed by
removing a single study and calculating
the pooled SMD for the remaining studies
under the random-effects model to assess
the effect of each individual study on the
pooled SMD. According to the sensitivity
analysis, the SMD ranged from 0.83 to
1.08 by omitting a single study under the
random-effects model. The results of the
sensitivity analysis are shown in Table 3.
The pooled analysis under the random-
effects model showed that the AGE level
was significantly higher in patients with
OSAHS (SMD, 0.98; 95% CI, 0.69-1.27),
and the fixed-effects model yielded a similar
result (SMD, 0.88; 95% CI, 0.69-1.06).

Publication bias

The funnel plot was virtually symmetrical
(Figure 3), indicating little publication
bias. Neither Begg’s test nor Egger’s test
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Figure |. Flow chart of the study selection process. After careful discussion among the three reviewers,

five studies were included in the meta-analysis.

Table I. Characteristics of included studies.

Study Sample size
Authors Year Country design LOE (OG/CG)
Lam et al. 2012 China CST 3b 79126
Kotani et al. 2000 America CST 3b 10/30
Tan et al. 2006 United Kingdom CST 3b 109/243
Ji etal 2017 China CST 3b 60/30
Xue and Lin 2007 China CST 3b 65/18

CST, cross-sectional trial; LOE, level of evidence; OG, obstructive sleep apnea—hypopnea

syndrome group; CG, control group.

provided evidence that publication bias
existed in the present study.

Subgroup analysis of AHI

The total SMD in the studies with a mean
AHI of >30 was 1.62 (95% CI, 1.24-2.00)

(Figure 4). The total SMD in the studies
with a mean AHI of <30 was 0.77 (95%
CI, 0.56-0.97) Figure 5. The analysis
showed that the AGE level was increased
in the patients with an AHI of <30 and
was markedly increased in patients with
an AHI of >30.
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Table 2. Patient characteristics in the trials included in the meta-analysis.

Sample AGEs, pmol/L Age, years AHI, pmol/L

size
Authors (OG/ICG) OG CG oG CG oG CG
Lam et al. 79126 39+12 32+08 444+92 408+9.0 288 1.4
Kotani et al.  10/30 8284260 642+122 52+4 52+4 >5 <5
Tan et al. 109/243  3.62+04 322+054 478+108 46.1£96 233 <5
Jietal 60/30 552+203 274+1.67 482+10.06 47.6+11.1 32.183+8.17 <5
Xue and Lin  65/18 53+2.1 29415 46+ 11 48+ 11 32731193 22+14

Data are presented as n, mean, or mean =+ standard deviation. OG, obstructive sleep apnea—hypopnea syndrome group;
CG, control group; AGEs, advanced glycation end products; AHI, apnea—hypopnea index.

0SAgroup  Control group Std. Mean Difference Std. Mean Difference

0rou Mean SD Total Weight IV. Random. 95% Cl IV. Random, 95% Cl
JameCM.Lametal. 39 12 79 32 08 26 208%  062[0.17,1.07) d

JiYLetal, 552 205 60 274 167 30 192%  144[095192) Ead
KatrynC.B.Tanetd, 362 04 109 322 054 243 326%  080[0.56,1.03) ¥

KazuhkoKolanieta. 828 26 10 642 122 30 109%  110[0.34 186 i

XueJSetal. 53 21 65 29 15 18 166%  120[064,179) G
Total (95% C) n T 1000%  0.98[0.69,1.27) ¢

Heterogeneily: Tau? = 0.05; Chi* = 8.20, 6f= 4 (P = 0.08); = 51% i ‘2 0 '2 .

2e < .
Toatorover eect 22640 P < 000001 Favours [experimental] Favours [control
Figure 2. Comparison of serum advanced glycation end product levels between the OSAHS group and
control group in the five included studies. OSAHS, obstructive sleep apnea—hypopnea syndrome; SD,
standard deviation; Cl, confidence interval.

Table 3. Sensitivity analysis of pooled SMD for AGEs and OSAHS under the
random-effects model.

P for
Study omitted SMD (95% Cl) heterogeneity 12
Lam et al. 1.08 (0.74-1.42) 0.10 53%
Tan et al. 1.08 (0.68-1.47) 0.11 51%
Jietal 0.83 (0.64-1.02) 0.38 2%
Xue and Lin 0.95 (0.61-1.28) 0.07 58%
Kotani et al. 0.97 (0.64-1.31) 0.05 62%

SMD, standardized mean difference; Cl, confidence interval; AGEs, advanced glycation end
products; OSAHS, obstructive sleep apnea—hypopnea syndrome.
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Figure 3. Funnel plot showing the possibility of small publication bias. SE, standard error; SMD, stan-
dardized mean difference.

0SAHS group Control group Std. Mean Difference Std. Mean Difference
~] d o o Mean sSD pla Mean =10, ola eight l xed, 9 /e !a;%;:
JiYL et al. 552 167 60 274 167 30 56.9% 1.65[1.15, 2.15] ——
Xue JS et al. 53 15 65 29 15 18 431% 1.59 [1.01, 2.16] ——
Total {95% CI) 125 48 100.0% 1.62 [1.24, 2.00] -
Heterogeneity: Chi? = 0.03, df = 1 (P = 0.87); F = 0% 2 ‘ b 1 2
Testfor oversl eflect: Z = 3.33 (F < 0.00001) Favours [experimental] Favours [control]

Figure 4. Subgroup analysis: apnea—hypopnea index of >30. OSAHS, obstructive sleep apnea—hypopnea
syndrome; SD, standard deviation; Cl, confidence interval.

OSAHS group Control group Std. Mean Difference Std. Mean Difference
Study o bgroup Mean otal Mean SD Tota pig Random, 95% Ci 1V, % CI
Jamie C.M. Lam et al 39 08 79 32 08 26 204% 0.87 [D.41, 1.33] o)
Kathryn C.B. Tanet a 362 054 109 322 D54 243 79.6% 0.74 [D.51, 0.97] "
Total (95% CI) 188 269 100.0% 0.77 [0.56, 0.97] <>
Helerogeneity: Tau? = 0.00; Chi* = 0.24, df = 1 (P = 0.62); I = 0% 2 ' . 1 2
Test for overall effect: Z = 7.23 (P < 0,00001) Favours [experimental] Favours [control]

Figure 5. Subgroup analysis: apnea—hypopnea index of <30. OSAHS, obstructive sleep apnea—hypopnea
syndrome; SD, standard deviation; Cl, confidence interval.

(Figure 6). The total SMD in the studies
with articles in English was 0.81 (95%

The total SMD in the studies with articles ~ CI, 0.61-1.01) (Figure 7). The analysis
not in English was 1.62 (95% CI, 1.24-2.00) showed that the AGE level was increased

Subgroup analysis of language
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0SAHS group Control group

Std. Mean Difference Std, Mean Difference

—Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Fixed, 95% CI V. F
Ji YL et al. 552 167 60 274 167 30 b569% 1.65(1.15, 2.1§]
Xue JS et al. 53 15 65 29 15 18 43.1% 1.59[1.01, 2.16]
Total (95% Cl) 125 48 100.0% 1.62 [1.24, 2.00]

Heterogeneity: Chi*=0.03, df=1(P=087); " =0%
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Figure 6. Subgroup analysis: articles not in English. OSAHS, obstructive sleep apnea—hypopnea syndrome;

SD, standard deviation; Cl, confidence interval.

OSAHS group Control group

Std. Mean Difference Std. Mean Difference

_Study or Subgroup _ Mean  SD Total Mean SD Total Weight IV, Fixed, 95% CI IV. Fixed, 95% CI
Jamie C.M. Lam et al 39 08 79 32 08 26 19.1% 0.87 [0.41, 1.33] ——
Kathyn C.B. Taneta 362 054 109 322 054 243 74.5% 0.74 (0.51,0.97] .

Kazuhiko Kotanietal 828 122 10 642 122 30 64% 1.49 [0.70, 2.29) ———b
Total (95% C1) 198 299 100.0% 0.81 [0.61, 1.01] L 4

Heterogeneity: Chi® = 3.27, df = 2 (P = 0.20); F = 39%
Test for overall effect: Z = 7.93 (P < 0.00001)

-2 -1 0 ! 2
Favours [experimental] Favours [control]

Figure 7. Subgroup analysis: articles in English. OSAHS, obstructive sleep apnea—hypopnea syndrome; SD,

standard deviation; CI, confidence interval.

both in articles in English and articles not
in English.

Discussion

AGEs are a complex and heterogencous
group of compounds that are formed not
only in conditions of hyperglycemia but
also in states of enhanced oxidative
stress.'* AGEs can cause many adverse cel-
lular events, including damage to nucleic
acids, reduction of enzymatic activity,
cross-linking and impaired degradation of
proteins, and induction of cytotoxic path-
ways.'®!? Elevated AGEs have been found
to be associated with an increased risk of
atherosclerosis, diabetes mellitus, and
Alzheimer’s disease.’’ In contrast, type 2
diabetes is more common in patients with
than without OSAHS.*'

The present meta-analysis was per-
formed to assess the difference in the
serum AGE level between patients with
OSAHS and controls. The overall results
and conclusion were not affected in the sen-
sitivity analysis after removal of any single
study or conversion of the random-effects

model into a fixed-effects model. Neither
Begg’s test nor Egger’s test showed publica-
tion bias in the present study. Therefore,
the outcome of this meta-analysis can be
regarded with high certainty.

The present results indicated that the
serum AGE level in patients with OSAHS
was significantly increased. This result is
similar to those of previous studies.'>'?
Intermittent hypoxemia and oxidative
stress in patients with OSAHS may induce
the formation of AGEs.'> We also per-
formed a subgroup analysis in terms of
AHI. The results showed that the parame-
ters had a more significant effect on the
AGE level when the AHI was >30. This
finding is consistent with those of previous
studies'*!? showing that the serum AGE
level was significantly correlated with the
severity of OSAHS. These previous studies
also showed that continuous positive
airway pressure therapy can significantly
reduce the serum AGE level.'*"
Decreased levels of AGEs in patients com-
pliant with continuous positive air pressure
therapy suggest a causal relationship
between OSAHS and elevated AGEs.
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This evidence indicates that effective treat-
ment of OSAHS might help to ameliorate
downstream pathological sequelae.

Despite these important findings, the
present study has some limitations. First,
the meta-analysis included five case—control
trials, each of which might have had a
degree of experimental bias. Second, the
sample size was relatively low, which may
have affected the accuracy of our results.
Larger studies would allow for more accu-
rate effect size estimation and sophisticated
moderator analysis. Third, although mod-
erate heterogeneity was present among the
individual studies, the exact source of the
heterogeneity could not be identified from
the limited number of studies.

Conclusion

The results of this meta-analysis show that
the serum AGE level was significantly
increased in patients with OSAHS. This find-
ing suggests that AGEs might play an impor-
tant role in insulin resistance in OSAHS and
serve as a biomarker for patients with
OSAHS and a high risk of developing type
2 diabetes.
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