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Abstract

Objective This study was to perform a meta-analysis to assess the relationship between hypertriglyceridemic-waist (HTW)
phenotype and abnormal glucose metabolism.

Methods The data sources were PubMed and EMBASE up to June 2018. Studies providing the relationship between HTW
phenotype and abnormal glucose metabolism were included.

Results In total, 48 eligible studies that evaluated 2,42,879 subjects were included in the meta-analysis. In the general
population, the pooled odds ratios (ORs) for elevated blood glucose and diabetes related to HTW phenotype was 2.32 (95%
confidence interval (CI): 1.98-2.71) and 2.69 (95% CI: 2.40-3.01), respectively. In cohort studies, the pooled OR for
diabetes related to HTW phenotype was 2.89 (95% CI: 1.97-4.25) in subjects without diabetes. The levels of homeostasis
model assessment of insulin resistance (HOMA-IR) in the HTW population were increased with values of mean differences
(MD) 1.12 (95% CI: 0.81-1.43. P<0.00001, I*=99%) in the general population and 0.89 (95% CI: 0.75-1.04, P<
0.00001, I = 67%) in subjects without diabetes.

Conclusion HTW phenotype was closely associated with increased risk of abnormal glucose metabolism. There was also a

significant correlation between HTW phenotype and insulin resistance.

Keywords Hypertriglyceridemic-waist phenotype * Insulin resistance - Islet cell dysfunction - Diabetes * Diabetic

complication

Introduction

Diabetes mellitus is a chronic metabolic disease. Long-term
hyperglycemia is the factor that promotes vascular lesions
and dysfunction, leading to a variety of complications of
diabetes mellitus. The incidence of diabetes is increasing
globally. Now, diabetes is a global health burden due to its
high prevalence, deaths attributable, and healthcare expen-
diture [1, 2].

The hypertriglyceridemic-waist (HTW) phenotype is
represented by the simultaneous presence of elevated serum
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triglyceride (TG) and increased waist circumference (WC).
Lemieux et al. suggested that the simultaneous measure-
ment and interpretation of WC and fasting TG could be
used as inexpensive screening tools to identify men char-
acterized by the atherogenic metabolic triad and at high risk
for coronary artery disease [3].

A meta-analysis has shown that HTW phenotype was
significantly associated with risk of type 2 diabetes world-
wide [4]. However, this meta-analysis only analyzed the
relationship between HTW phenotype and diabetes in cross-
sectional studies. As we know, the cross-sectional design
could not identify the causal relationship. Cohort studies
have confirmed the association between HTW phenotype
and risk of future diabetes in subjects without diabetes. The
predictive power of HTW phenotype was similar to meta-
bolic syndrome. For simpler and fewer components, HTW
phenotype might be more practical than metabolic syn-
drome, and it might be recommended in most clinical
practices [5]. Insulin resistance and islet beta cell dysfunc-
tion are the main pathogenesis of type 2 diabetes. The
comprehensive  assessment and  management  of
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cardiovascular risk factors were also very important in
patients with type 2 diabetes. In recent years, the applica-
tions of HTW phenotype in the fields of abnormal glucose
metabolism have attracted more and more attention,
including insulin resistance [6, 7], islet cell dysfunction [8]
and cardiometabolic abnormality [9], and diabetic compli-
cations [10] in subjects with diabetes. This systematic
review aimed to meta-analyze the relationship between
hypertriglyceridemic-waist phenotype and each phase of
abnormal glucose metabolism.

Methods
Search strategy and eligibility criteria

A systematic review of the published articles was performed
in accordance with the Preferred Reporting Items for Sys-
tematic Review and Meta-Analysis (PRISMA) guidelines
(http://www.prisma-statement.org/). The predefined inclu-
sion criteria for study selection were as follows: the study
must have (1) prospective cohort study, case—control study
or cross-sectional study; (2) the exposure was
hypertriglyceridemic-waist phenotype; (3) the outcome was
abnormal glucose metabolism, including prevalence or
incidence of elevated blood glucose and diabetes, insulin
resistance, islet cell function. Metabolic abnormality and
diabetic complications in diabetic patients were also inclu-
ded. Studies were excluded if (1) the paper were presented
without necessary data or other information that allowed
calculation of necessary data; (2) letters, reviews, and
abstracts from conference proceedings were excluded.

A systematic search was conducted in the bibliographic
databases, including PubMed and Embase from inception to
June 17, 2018. First, a categorical search using the following
keywords was conducted (i) hypertriglyceridemic-waist phe-
notype or their synonyms (e.g., hypertriglyceridemic waist or
HTW); (ii) elevated blood glucose, diabetes, insulin resis-
tance, islet B cell function, metabolic abnormality, and dia-
betic complications or their synonyms (e.g., impaired fasting
glucose or impaired glucose tolerance). Second, categories ‘I’
to ‘ii” were combined using “and”, and the duplicates were
removed. Also, Reference lists of retrieved articles were
manually scanned for all relevant additional studies and
review articles. The study selection was limited to English
language and studies on humans only.

Study selection and quality assessment
Irrelevant articles were eliminated from the primary search
based on the information in the title and abstract. Once the

studies were identified by the information in the titles and
abstracts, full papers were obtained for all relevant studies.
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Two reviewers (C-M.M. and X-L.L.) independently read
the full papers obtained from the search for relevance. All
studies that did not meet the inclusion criteria or that met the
exclusion criteria were removed. Disagreements between
the two reviewers regarding study inclusion were resolved
through face-to-face discussion of the full-text assessment.
Eligible studies were further reviewed.

The methodological quality of case—control studies and
cohort studies was assessed using a checklist based on the
Newcastle-Ottawa Quality Assessment Scale (http://www.
ohri.ca/programs/clinical_epidemiology/oxford.asp).  The
methodological quality of cross-sectional studies was
assessed using a checklist based on the Agency for
Healthcare Research and Quality (https://www.ncbi.nlm.
nih.gov/books/NBK35156/). These enabled the reviewers to
evaluate the quality of the studies. Disagreements between
the reviewers on individual items were resolved through
consensus meeting with a third reviewer (F.-Z.Y.).

Data extraction

We extracted the following information about the studies:
study characteristics (study name, authors, publication year,
journal, study country, study type, follow-up years, and
number of participants) and participants’ characteristics
(mean age or age range, sex).

The diagnostic criteria of HTW phenotype were extrac-
ted. There are three grouping methods according to the
status of WC and TG. First, four groups: (i) normal WC and
normal TG level (NWNT); (ii) normal WC and high TG
level (NWHT); (iii) enlarged WC and normal TG level
(EWNT); and (iv) enlarged WC and high TG level (HTW
phenotype). Second, three groups: (i) NWNT; (ii) sole high
TG or enlarged WC (including NWHT and EWNT); (iii)
HTW phenotype. Third, two groups: (i) non-HTW pheno-
type (including NWNT, NWHT, and EWNT); (ii)) HTW
phenotype. The data were extracted according to original
grouping methods and then the data were combined into
two groups, non-HW phenotype and HW phenotype.

Disease outcomes include four parts: (i) elevated blood
glucose or diabetes: dichotomous data, number of partici-
pants and cases were extracted; (ii) insulin resistance and
islet cell function: continuous data, mean (standard devia-
tion (SD), standard errors (SE) and 95% confidence interval
(CD)), median (interquartile range (IQR)) and geometric
mean (95% CI) were extracted. The median or geometric
mean was considered equivalent to mean. The 95% CI and
SE were converted to SD by the calculator from cochrane
(http://training.cochrane.org/sites/training.cochrane.org/
files/public/uploads/resources/embedded_resources/online_
learning_modules/Analysing_and_Presenting_Data/AD_
continuous/files/Finding_SDs.xls). The width of the inter-
quartile range was considered as 1.35 SD. The mean and SD
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were combined into two groups by our own calculator; (iii)
metabolic abnormality in subjects with diabetes, including
fasting plasma glucose (FPG), glycosylated hemoglobin
Alc (HbAlc), total cholesterol (TC), low density lipopro-
tein cholesterol (LDL-C), high-density lipoprotein choles-
terol (HDL-C), apolipoprotein B (Apo B), systolic blood
pressure (SBP), and diastolic blood pressure (DBP): con-
tinuous data, mean (SD) or median (IQR) were extracted.
The data was handled as the same way with insulin resis-
tance; (iv) diabetic complications: dichotomous data, num-
ber of participants and cases were extracted.

If the information was unavailable or not clear from a
published report, we collected relevant data by corre-
sponding with the authors. The data were extracted from
primary studies by two reviewers (C.-M.M. and X.-L.L.)
independently.

Data synthesis and statistical analysis

We used Review Manager 5.3 for data merging and sta-
tistical analysis. For dichotomous data, the statistical model
is based on Mantel-Haenszel, the effect index is odds ratio
(OR) with 95% CI, and the analysis model is the random-
effects model. For continuous data, we used the random-
effects model and the inverse variance (IV) method to
interpolate the mean differences (MD) of each study. The
results are reported with a 95% CI. Heterogeneity across
studies was evaluated by the I” statistic (ranges from 0 to
100% with lower values representing less heterogeneity).
The possibility of publication bias was evaluated using the
Egger test and visual inspection of a funnel plot. Moreover,
stratified analyses and sensitivity analyses were performed
to evaluate the influences of selected study and participant
characteristics on the results. Analyses were performed
using the STATA version 12.0 software (STATA Cor-
poration, TX, USA).

Results

Figure 1 summarizes the selection process of the studies. In
total, 249 references were obtained using PubMed and
Embase. Additional six full-text articles were included after
scanning the related literature and reference lists of the
studies selected for inclusion. Eventually, a total of 48 stu-
dies were included in this review [5-52]. In these studies,
33 studies were analysis of elevated blood glucose and/or
diabetes [5, 7, 8, 11, 13, 15, 18-20, 22-24, 26, 28-36,
39-42, 46-52], 18 studies were analysis of insulin resis-
tance and/or islet cell function [6-8, 12, 14, 16, 17, 23, 25,
27-29, 36, 38, 41, 45, 46, 49], 5 studies were analysis of
metabolic abnormality [9, 10, 21, 37, 43], and 4 studies
were for analysis of diabetic complications [10, 21, 44, 48]

(Table 1). Several studies included more than one disease
outcome. The quality of the included articles is also sum-
marized in Table 1.

Supplementary Table 1 shows the characteristics of
articles about the risk of elevated blood glucose and/or
diabetes included in the meta-analysis. Elevated bood glu-
cose include subjects with prediabetes or diabetes at the
same time. The definition of elevated blood glucose was
FPG 2 5.6 mmol/L and/or OGTT 2-h plasma glucose >
7.8 mmol/L. and/or HbAlc >5.7% and/or had been diag-
nosed with diabetes. The definitions of elevated blood
glucose were not the same among each studies. The defi-
nitions of elevated blood glucose and diabetes were shown
in Supplementary Table 1. The risk of diabetes in the HTW
phenotype was increased. The pooled OR for diabetes
related to HTW phenotype was 2.69 (95% CI: 2.40-3.01, P
<0.00001, I = 86%) in overall [5, 11, 18, 22-24, 26, 28—
31, 33-36, 3942, 47-52], 2.65 (95% CI: 2.17-3.25, P<
0.00001, I>=72%) for males [23, 29, 31, 33-35, 39—
41, 49, 51], and 3.16 (95% CI: 2.51-3.97, P <0.00001,
I> = 84%) for females [7, 23, 29, 31, 34, 39-41, 49, 51],
respectively (Fig. 2). In these studies, 20 studies were cross-
sectional studies [7, 18, 22-24, 26, 29, 31, 33-36, 39—
41, 47-50, 52] and 5 studies were cohort studies
[5, 28, 30, 41, 51]. Subgroup analyses were done, and the
results were similar between two research methods. In
cross-sectional studies, the pooled OR for diabetes related
to HTW phenotype was 2.66 (95% CI: 2.35-3.01, P<
0.00001, > = 87%). In cohort studies, the pooled OR for
diabetes related to HTW phenotype was 2.89 (95% CI:
1.97-4.25, P<0.00001, I’=83%). In 13 studies
[23, 24, 28, 30, 31, 35, 40, 42, 47-51], the samples were
devided into four groups, NWNT, NWHT, EWNT, and
HTW phenotype. Compared with NWNT, the pooled OR
for diabetes was 2.37 (95% CI: 2.04-2.75, P <0.00001, ?
=65%) in NWHT, 2.66 (95% CI: 2.11-3.34, P <0.00001,
I*=91%) in EWNT and 4.66 (95% CI: 3.60-6.03, P<
0.00001, > =94%) in HTW phenotype. Compared with
NWHT and EWNT, the pooled ORs for diabetes related to
HTW phenotype was 1.88 (95% CI. 1.57-2.25, P<
0.00001, I*=79%) and 1.76 (95% CI: 1.53-2.02, P<
0.00001, I? = 80%), respectively (Fig. 3).

The risk of elevated blood glucose in the HTW pheno-
type was also increased. The pooled OR for elevated blood
glucose related to HTW phenotype was 2.32 (95% CI:
1.98-2.71, P<0.00001, I1*=80%) in  overall
[8, 11, 13, 15, 18-20, 22-24, 32, 39, 46, 48, 49, 51], 2.35
(95% CI: 1.79-3.09, P<0.00001, I>=66%) for males
[8, 23, 32, 39, 49, 51], and 2.89 (95% CI: 2.25-3.72, P<
0.00001, I? = 70%) for females [8, 15, 23, 32, 39, 49, 51],
respectively. In these studies, 12 studies were about adults
[8, 13, 15, 18, 22-24, 39, 46, 48, 49, 51] and 4 studies were
about children [11, 19, 20, 32]. In adults, the pooled OR for
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Fig. 1 Flowchart of selection of studies and specific reasons for exclusion from the meta-analysis

elevated blood glucose related to HTW phenotype was 2.45
(95% CI: 2.08-2.88, P <0.00001, I>=82%). In children,
the pooled OR for elevated blood glucose related to HTW
phenotype was 1.66 (95% CI. 1.02-2.69, P =0.04,
P= 47%). In seven studies [13, 23, 24, 46, 48, 49, 51], the
samples were devided into four groups, NWNT, NWHT,
EWNT, and HTW phenotype. Compared with NWNT, the
pooled OR for elevated blood glucose was 2.06 (95% CI:
1.80-2.35, P<0.00001, I>=36%) in NWHT, 2.23 (95%
CI: 1.86-2.67, P<0.00001, I>=79%) in EWNT and 3.67
(95% CI: 2.68-5.03, P <0.00001, I> =91%) in HTW phe-
notype. Compared with NWHT and EWNT, the pooled
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ORs for elevated blood glucose related to HTW phenotype
was 1.70 (95% CI: 1.41-2.06, P <0.00001, I> = 54%) and
1.61 (95% CI. 1.35-191, P<0.00001, I*=68%),
respectively.

Overall, 18 studies analyzed the relationship between
HTW phenotype and insulin resistance (Supplementary
Table 2). In these studies, insulin resistance was evaluated
by homeostasis model assessment of insulin resistance
(HOMA-IR) in 16 studies [6, 7, 12, 14, 16, 23, 25, 27—
29, 36, 38, 41, 45, 46, 49], by HOMAZ2-IR in one study [8]
and by euglycaemic—hyperinsulinaemic clamp technique in
one study [17]. Due to only one study, the study of
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. © o HOMAZ2-IR and euglycaemic-hyperinsulinaemic clamp
o g = < § technique was not involved in the quantitative synthesis.
3 T 2 = s The results were statistically different from non-HTW
5 5 g phenotype to HTW phenotype with values of MD 1.12
2 8. 8, o 8 s (95% CI: 0.81-1.43, P <0.00001, I> = 99%) (Fig. 4a). The
2 E 28c§ § £.2¢ § 5 levels of HOMA-IR in the HTW population were increased
[OES o =Rz 5} = ..
25 2 g é @ g g % 2 § g § f(?r both men and women. The results were statistically
g different from non-HTW phenotype to HTW phenotype
E g < g with values of MD 1.18 (95% CI: 0.91-1.44, P <0.00001,
T g2 § ~ o~ )5 I> = 77%) for males [12, 23, 29, 41, 45] and MD 1.01 (95%
= — — [g\] =]
i) § g CLl: 0.82-1.21, P<0.00001, = 75%) for females
% g 2 [7, 23, 25, 29, 41, 45], respectively. In these 16 studies, the
O é ~ ~ i data were described as mean (SD, 95% CI, or SE) and
= -~ o % geometric mean (95% CI) in 11 studies
z [6, 7, 12, 14, 16, 25, 27, 28, 38, 45, 49] and median
= o :‘% (interquartile range) in 6 studies [23, 29, 36, 41, 46, 49].
= £ e o - o Subgroup analyses were done, and the results were similar
8 5 = o= * s between two description methods. HTW phenotype was
3 g % also worse insulin resistance than non-HTW phenotype in
(j g < é five studies without diabetes patients with an MD 0.89
=381z & R & o 95% CL  0.75-1.04, P<0.00001, I*=67%)
oy g [25, 28, 41, 46, 49]. In five studies [23, 28, 38, 46, 49], the
% - G samples were devided into four groups, NWNT, NWHT,
g § E EWNT, and HTW phenotypes. The results were statistically
S = - ey different from NWNT to NWHT (MD 0.57, 95% CI:
Q
5 0.44-0.70, P <0.00001, I* = 86%), EWNT (MD 0.76, 95%
= < CI: 0.57-0.94, P<0.00001, I*=96%), and HTW pheno-
L o 5 % type (MD 149, 95% CI. 1.24-1.73, P<0.00001,
Eﬁ é N % < I> = 95%), respectively. The results were also statistically
- - é different from NWHT to HTW phenotype (MD 0.87, 95%
s 28 - Zzl¢ CI: 0.72-1.02, P <0.00001, I* = 76%) and EWNT to HTW
Q
= & oo e Tl phenotype (MD 0.73, 95% CI: 0.60-0.85, P <0.00001, I?
g § N %’ =T74%), respectively (Fig. 5). Three studies analyzed the
= a — i relationship between HTW phenotype and islet p cell
qé; function. In these studies, islet B cell function was evaluated
R z Z|E by homeostasis model assessment of f cell function
3 ) 2|5
2 = g I (HOMA-B) in two studies [12, 41], by HOMA2-f in one
E 5 g g 5 g éb study [8]. In two studies of HOMA-f, the results were not
5 08“ bS] f‘i é S| & statistically different from non-HTW phenotype to HTW
” ” g phenotype with values of MD 33.88 (95% CI: —13.37
= —81.13. P=0.16, I> =91%) (Fig. 4b).
%‘ o - o g Five studies analyzed the metabolic abnormality (Sup-
3 = £ 2 § plementary Table 3). Overall, the results were statistically
: © v © = different from non-HTW phenotype to HTW phenotype
li g with values of MD 1.18 (95% CI: 0.24-2.12, P=0.01, I =
g ~ 84%) for FPG [9, 10, 37], MD 0.47 (95% CI: 0.30-0.64, P
Z o  « - g <0.00001, I* =25%) for HbAlc [9, 10, 21, 37, 43], MD
= § S 3 S E 0.98 (95% CI. 0.73-1.23, P<0.00001, I>=0%) for TC
Q
E ~ £ [9, 211, MD 0.36 (95% CIL: 0.19-0.52, P <0.0001, I* = 0%)
g = g = 5 for LDL [9, 21, 43], MD —0.18 (95% CI: —0.27 to —0.08,
f’ . E = 8 g P =0.0003, I =73%) for HDL [9, 10, 21, 43], MD 20.27
2|2 w g z |2 (95% CI: 14.78-25.75, P<0.00001, I* =0%) for Apo B
S |3 8§ N N = [21, 43], MD 6.33 (95% CI. 1.52-11.15, P=0.010,
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Total Weight M-H, Random, 95% CI

HTW non-HTW

Study or Subgrou Events Total Events

Bailey DP etal. 2013 36 103 23 151 2.2%
Chen Setal. 2016 317 1319 883 10260 56%
DuTetal 2014 83 239 102 619  3.9%
Diaz-Santana MV et al. 2016 221 1292 392 6347  53%
Egeland GM et al. 2011 33 327 42 1611 3.0%
Gomez-Huelgas R et al. 2011 66 330 124 1940  41%
Han Kl etal. 2014 20 240 81 2660  2.7%
He Setal. 2013 23 81 51 606 2.4%
Huang J etal. 2015 51 350 128 1362 3.9%
Janghorbani M et al. 2016 69 356 211 1509  4.3%
Karagdz A etal. 2017 122 618 122 1306 4.5%
LeBlanc S etal. 2018 6 49 24 418 1.2%
Lee BJ etal. 2016 569 2089 1416 9838 58%
Lemieux | etal. 2002 28 170 29 737 2.5%
LiYetal 2014 19 173 97 1361 2.7%
Pollex RL et al. 2006 45 107 69 415  3.0%
Ramezankhani Aetal. 2017 698 2949 632 9063 57%
RenYetal. 2016 642 1867 1043 6959 5.7%
RenYetal. 2017 257 2474 364 9612 5.4%
Wang Aetal. 2014 2416 14463 6141 80552 6.0%
Wang W etal 2018 146 828 312 3253 5.0%
YuZetal. 2012 154 557 423 2732 5.0%
ZengJetal. 2016 261 629 413 1473 52%
Zhang M etal. 2012 33 363 57 2545  3.2%
Zhou Cetal. 2018 9 104 51 1068  1.7%
Total (95% CI) 32087 158397 100.0%
Total events 6324 13230

Heterogeneity: Tau®= 0.05; Chi*= 169.49, df= 24 (P < 0.00001); *= 86%
Test for overall effect: Z=17.10 (P < 0.00001)

Odds Ratio Odds Ratio

M-H, Random, 95% CI
2.99 [1.64, 5.45)

3.36 [2.91, 3.88)

2.70[1.92,3.79)

3.13[2.63,3.74)

419(2.61,6.73)

3.66 [2.64, 5.07)

2.891.74,4.81)

4.32[2.46,7.57)

1.64[1.18,2.33]

1.48[1.10,2.00]

2.39[1.82,3.13)

2.29[0.89, 5.91) =
2.21[1.98, 2.47) s
4.81[2.78,8.34)
1.61 [0.96, 2.70])
3.64 [2.29,5.78)
4.14 [3.68, 4.65) G
2.97 [2.65, 3.34]

2.95[2.49, 3.48)

2.43[2.31, 2.56)

2.02[1.63, 2.50)

2.09 [1.69, 2.58)

1.82[1.50,2.21)

4.36 [2.80, 6.80)

1.89 [0.90, 3.96) &

2.69[2.40, 3.01] *

01 0.2 0.5 2 5 10
Favours [HTW] Favours [non-HTW]

Fig. 2 Risk of diabetes in the hypertriglyceridemic-waist (HTW) phenotype

I*=71%) for SBP [9, 10, 21], and MD 5.30 (95% CI:
1.70-8.90, P=0.004, I>=284%) for DBP [9, 10, 21],
respectively. Diabetic complications were analyzed in four
studies, one about ischemic stroke [48], two about coronary
artery disease [21, 44], and one about early diabetic
nephropathy [10]. Due to a limited number of studies, the
results of these studies were only shown in Supplementary
Table 4.

We performed a sensitivity analysis by omitting one
study at a time to estimate the pooled ORs of elevated blood
glucose and diabetes, and MD of HOMA-IR. No individual
study affected the ultimate conclusion. Visual inspection of
the funnel plot revealed symmetry for elevated blood glu-
cose and diabetes, and the Egger’s test was not significant
(elevated blood glucose P =0.883, diabetes P = 0.605).
Visual inspection of the funnel plot revealed asymmetry for
HOMA-IR (Supplementary Figs. 1-3).

Discussion

Our study is the first systematic review with meta-analysis
to evaluate the application value of HTW phenotype in each
phase of abnormal glucose metabolism. A previous study
focused on diabetes [4]. HTW phenotype had an association
with abnormal glucose metabolism regardless of gender,
age, and the definition of abnormal glucose metabolism.

@ Springer

This study provides evidence that subjects with HTW
phenotype were 2.32-fold and 2.69-fold as likely to have
elevated blood glucose and diabetes as those with non-
HTW phenotype. The results were similar between genders.
Unlike adult researches, the results of children were not
uniform [11, 19, 20, 32]. Pooled analysis shown that HTW
phenotype also correlated with abnormal glucose metabo-
lism in children.

A lot of researches have shown that abdominal obesity
and hypertriglyceridemia are independent risk factors for
abnormal glucose metabolism [53-56]. Compared with
NWNT subjects, NWHT and EWNT have higher risk of
abnormal glucose metabolism and the risk further increased
in subjects with HTW phenotype. These results highlight
the importance of the simultaneous analysis of WC and TG
in clinical screening of individuals at risk for abnormal
glucose metabolism.

The results from cross-sectional studies and cohort stu-
dies were consistent. Whether in cross-sectional studies or
in cohort studies, HTW phenotype is all related to diabetes.
The results suggest that the prevalence of diabetes was
higher in subjects with HTW phenotype. Subjects with
HTW phenotype have already existed abnormal glucose
metabolism. Even in HTW subjects without diabetes, the
incidence of diabetes was higher in the future. Subjects with
HTW phenotype, all should screen diabetes in the baseline
and in the future. HTW phenotype is an important cause of
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Study © b oup

Egeland GM et al. 2011 3 135 7 873 1.1%
Han KJ etal 2014 25 615 39 1790 56%
Janghorbani M et al. 2016 73 458 60 692 82%
KaragozAetal 2017 b3 238 22 440 43%
Lemieux| et al. 2002 2 61 7 433 08%
Ramezankhani Aetal 2017 144 1206 153 4653 115%
RenYetal 2016 200 1182 279 3595 126%
WangAetal 2014 1202 10693 2400 44269 155%
WangWetal 2018 95 642 13¢ 1801 103%
YuZetal 2012 60 243 166 1468 89%
ZengJ etal 2016 3% 132 108 489 67%
Zhang M et al. 2012 15 495 22 1622 39%
Total (95% CI) 17026 65583 100.0%
Total events 1975 3528

Heterogeneity. Tau®= 0.04; Chi* = 34.56, df = 12 (P = 0.0006), P = 65%
Test for overall effect Z= 11.29 (P < 0.00001)

B EWNT NWNT

DuTetal 2014 162 1963 131 3458 91%
Egeland GM et al. 2011 32 603 7 873 44%
HanKJetal 2014 17 255 33 1790 6.1%
Janghorbani M et al. 2016 78 359 60 692 80%
KaragozAetal 2017 79 628 22 440 69%
Lemieux | etal. 2002 20 243 7 433 41%
Ramezankhani Aetal. 2017 335 3204 153 4653 94%
RenYetal 2016 564 2182 279 3595 96%
Wang Aetal 2014 2539 25590 2400 44269 10.0%
WangWetal 2018 83 810 134 1801 87%
YuZetal 2012 197 1021 166 1468 92%
ZengJ etal. 2016 269 852 108 489 89%
Zhang M et al. 2012 20 428 22 1622 58%
Total (95% CI) 38138 65583 100.0%
Total events 4395 3528

Heterogeneity: Tau*= 0.13, Chi*= 138.88, df= 12 (P < 0.00001), P=91%
Test for overall effect Z= 8.38 (P < 0.00001)

C HIW NWNT

DuTetal 2014 221 1292 131 3458 88%
Egeland GM et al. 2011 33 327 7 873 48%
HanKJetal 2014 20 240 33 1790 66%
Janghorbani M et al. 2016 69 356 60 692 79%
KaragozAetal 2017 122 618 22 440 72%
Lemieux| et al. 2002 28 170 7 433 47%
Ramezankhani Aetal. 2017 698 2949 153 4653 90%
RenY etal 2016 642 1867 279 3595 9.1%
Wang Aetal 2014 2416 14463 2400 44269 9.4%
WangWetal 2018 146 828 134 1801 8.7%
YuZetal 2012 154 557 166 1468 87%
ZengJ etal. 2016 261 629 108 489 86%
Zhang M et al. 2012 33 363 22 1622 66%
Total (95% CI) 24659 65583 100.0%
Total events 4843 3528

Heterogeneity: Tau*= 0.18; Chi*= 188.74, df= 12 (P < 0.00001), P= 94%
Testfor overall effect Z= 11.69 (P < 0.00001)

Fig. 3 Risk of diabetes according to the status of waist circumference
and triglyceride. NWNT normal WC and normal TG level, NWHT
normal WC and high TG level, EWNT enlarged WC and normal TG

diabetes. Insulin resistance and islet § cell dysfunction may
be the biological mechanism linking HTW phenotype and
abnormal glucose metabolism.

Insulin plays a critical role in balancing glucose meta-
bolism in the body. Glucose metabolism is normally regu-
lated by a feedback loop, including islet § cells and insulin-

DuTetal 2014 99 926 131 3458 105%

3.04(2.32,3.99)
281(0.72,11.01)
1.90(1.14,317)
2.00(1.39,2.87)

184099342 |

206(042,1017)
3.99(3.15,5.06)
242(1.99,294)
221(205,2.38)
2.16(1.63,2.86)
257(1.84,359)
1.32(0.85,2.05) =
227(117,4.42)

2.37(2.04,2.75) L 4

01 02 05 1 2 5
Favours [NWHT] Favours [NWNT)

2.28(1.80, 2.90) ——
6.93(3.04,15.81) _—
3.21(1.79,5.76) —
292(2.03,4.21) —_—
2.73(1.68, 4.46) —_—
5.46(2.27,13.10) _—
o=

3.43(282,4.18)
414 (355,4.84)
1.921.81,2.04) -
1.42(1.07,1.89) —
1.88 (1.50, 2.35) ——
1.63(1.26,2.11) ———
3.57 (1.93, 6.60) —_—
2.66[2.11,3.34] >

01 02 05 2 10

5
Favours [EWNT] Favours [NWNT)

0dds Ratio 0Odds Ratio
il 2 " andom, 9
524(4.18,6.57) —
13.89 (6.08, 31.73) —
4.08(234,7.12) —
253(1.74,3.68) ——
467(291,7.49) —
12.00(5.13, 28.07) E—
9.12(7.60, 10.94) —~
6.23(5.33,7.27) —
350(3.29,3.72) -
266 (2.07,3.42) —
3.00(2.34,3.83) —
2.50(1.92,3.26) =
7.27(4.19,12.63) g
4.66 [3.60, 6.03] <
01 02 05 2 5 10

Favours [HTW] Favours [NWNT)

level, HTW enlarged WC and high TG level, WC waist circumference,
TG triglyceride. a NWNT vs. NWHT, b NWNT vs. EWNT, ¢ NWNT
vs. HTW, d NWHT vs. HTW, e EWNT vs. HTW

sensitive tissues. If insulin resistance is present, § cells
maintain normal glucose tolerance by increasing insulin
output. Only when f} cells cannot release sufficient insulin in
the presence of insulin resistance do glucose concentrations
rise [57]. HTW phenotype was closely related to insulin
resistance, even in subjects without diabetes. Compared
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DuTetal 2014 21 1292 99 926 10.2%

Egeland GM et al. 2011 33 327 3 135 19%
HanKJetal 2014 20 240 25 615 52%
Janghorbani M et al. 2016 69 356 73 458 84%
KaragézAetal 2017 122 618 2 238 66%
Lemieux | et al. 2002 28 170 2 61 1.3%
RamezankhaniAetal 2017 698 2949 144 1206 11.2%
RenYetal 2016 642 1867 200 1182 11.4%
Wang Aetal 2014 2416 14463 1202 10693 126%
WangWetal 2018 146 828 95 642 98%
YuZetal 2012 154 557 60 243 87%
Zeng Jetal 2016 261 629 36 132 76%
Zhang M etal. 2012 33 363 15 495 50%
Total (95% CI) 24659 17026 100.0%
Total events 4843 1975

Heterogeneity. Tau?= 0.07; Chi*= 58.00, df= 12 (P < 0.00001), = 79%
Test for overall effect: Z= 6.86 (P < 0.00001)

E HTW EWNT

DuTetal 2014 221 1292 162 1963 95%
Egeland GM et al. 2011 33 327 32 603 47%
Han KJ etal. 2014 20 240 17 255 32%
Janghorbani M et al. 2016 69 356 78 359 6.7%
Karagoz A etal 2017 122 618 79 628 7.7%
Lemieux | et al. 2002 28 170 20 243 37%
RamezankhaniAetal. 2017 698 2949 335 3204 109%
RenYetal 2016 642 1867 564 2182 11.0%
WangAetal 2014 2416 14463 2539 25590 12.1%
WangWetal 2018 146 828 83 810 81%
YuZetal 2012 154 557 197 1021 9.0%
ZengJetal 2016 261 629 269 852 95%
Zhang M et al. 2012 33 363 20 428 40%
Total (95% CI) 24659 38138 100.0%

Total events 4843 4395
Heterogeneity. Tau*= 0.04, Chi*= 60.91, df= 12 (P < 0.00001), = 80%
Testfor overall effect Z=7.96 (P < 0.00001)

Fig. 3 (Continued)

with sole high TG or enlarged WC, HTW phenotype has
more serious insulin resistance. Our study shown over-
stimulation of B-cell function in subjects without diabetes,
although there is no significant statistical difference. This
may be due to insulin secretion increases to maintain nor-
mal glucose levels in the face of insulin resistance resulting
from abdominal obesity and hypertriglyceridemia. Bardini
et al. found that p-cell function declined in impaired glucose
tolerance (IGT) subjects with HTW phenotype [8]. With the
progress of abnormal glucose metabolism, B-cell function
declined earlier in HTW phenotype than non-HTW
phenotype.

The UK Prospective Diabetes Study (UKPDS) has
demonstrated that blood glucose control decreases the risk
of microvascular complications in patients with type 2
diabetes [58]. Diabetic patients often accompany with car-
diovascular risk factors, such as elevated blood pressure,
dyslipidemia, etc., and higher incidence of cardiovascular
diseases [59, 60]. Multiple risk-factor control may lower the
increased risks for mortality and cardiovascular events in
people with diabetes [61]. Our study shows that subjects

@ Springer

Odds Ratio

-H, Random, 95%
1.72(1.34,2.22)
4.94(1.49,16.39)
215(1.17,3.9¢4)
1.27(0.88,1.82) T
254(1.56,4.15)

582(1.34,25.21)

229(1.88,278)

257[2.15,3.08)

158(1.47,1.71)

1.23(0.93,1.63) T
1.17(0.82,1.65) =
1.89(1.25, 2.86)

3.20(1.71,5.99)

1.88[1.57, 2.25]

01 02 05 1 2
Favours [HTW] Favours [NWH

= T

2.29(1.85, 2.85)
2.00(1.21, 3.32)
1.27 (0.65, 2.49)
0.87 [0.60, 1.25)
1.71 (1.26, 2.33)
2.20(1.19, 4.05)
2.66 (2.31, 3.06)
1.50(1.31,1.72)
1.82[1.71,1.93)
1.88 [1.40, 2.50)
1.60 [1.25, 2.04)
1.54 [1.24,1.90)
2.04(1.15,3.62)

1.76 [1.53, 2.02) L 2
0.2 05 1 2 5 10
Favours [HTW] Favours [EWNT)

oT

with HTW phenotype have inappropriate blood glucose
control and worse cardiovascular risk factor in diabetic
patients.

The burden of diabetes is associated primarily with
increased risks of macrovascular and microvascular dis-
eases. HTW phenotype was associated with an increased
risk for coronary artery disease and chronic kidney disease
[36, 62]. The study about diabetic complications is fewer.
The existing researches have found that HTW phenotype
was associated with coronary artery disease and early dia-
betic nephropathy in type 2 diabetes [10, 21]. Interestingly,
HTW phenotype is also associated with an increased risk of
ischemic stroke in subjects with normal glucose levels, but
not in subjects with impaired fasting glucose and diabetes
[48]. When HTW phenotype is used to screening diabetic
complications, further work will be necessary to confirm the
performance of HTW phenotype.

There are some strengths in our meta-analysis. First, the
systematic search was conducted from inception to Feb-
ruary 2014 in previous meta-analysis [4]. In our studies, a
systematic search was conducted from inception to June 17,
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A HTW non-HTW Mean Difference Mean Difference
Study or Subgroup Mean SD__Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
AbbasiF etal. 2016 287 158 670 181 098 2328 69% 1.06[0.93,1.19] -
Blackburn P et al. 2003 348 162 27 208 158 39 48% 1.40(061,219)
Blackburn P et al. 2012 551 468 103 331 252 151 41% 220(1.21,319) —
Buchan DS et al. 2016 1.7 01 83 15 01 304 7.0% 0.20(0.18,0.22)
Cabral Rocha AL et al. 2015 24 186 169 14 14 807 6.7% 1.00(0.74,1.26) -
DuTetal 2014 33 22 1292 22 12 6347 69% 1.10(0.98,1.22) -
Gazi IF et al. 2008 392 351 55 312 184 50 39% 0.80 [-0.26, 1.86) T
Guattini VL et al. 2015 242 129 22 137 1.08 23 52% 1.05(0.35,1.75) I
HanKJetal 2014 294 11 240 201 083 2660 6.9% 0.93(0.79,1.07) -
Huang J etal 2015 285 162 350 162 095 1362 68% 1.23[1.05,1.41)
LiYetal 2014 32 17 173 179 11 1361 6.7% 1.41[1.15,1.67] -
Moon BS etal. 2015 26 18 4519 1.3 1.4 27667 7.0% 1.30(1.24,1.36) =
RenYetal 2017 29 14 2474 21 11 9612 7.0% 0.80(0.74,0.86) =
Vaverkova H et al. 2015 271 173 236 162 1.04 371 6.7% 1.09(0.85,1.33) =
von BibraHetal. 2017 31 1.7 378 2 11 1470 68% 1.10(0.92,1.28) -
YuZetal 2012 483 232 557 32 168 2912 68% 1.63[1.43,1.83) -
Total (95% CI) 11348 57464 100.0% 1.12[0.81, 1.43) L 4
Heterogeneity. Tau® = 0.36; Chi* = 2026.64, df= 15 (P < 0.00001); = 99% " 53 . H

Test for overall effect Z= 7.06 (P < 0.00001)

Favours [HTWI) Favours [non-HTW]

B HTW non-HTW Mean Difference Mean Difference

Study or Subgroup Mean _SD_Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Blackbum P etal. 2003 150.3 66.1 27 901 425 39 456% 60.20(31.92,88.48)
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Total (95% CI) 2501 9651 100.0% 33.88[-13.37,81.13) R RE—
Heterogeneity: Tau*= 1065.68, Chi*=11.09, df=1 (P = 0.0009); F=91% t {

Test for overall effect Z=1.41 (P=0.16)

Fig. 4 The levels of insulin resistance and islet  cell function in the
hypertriglyceridemic-waist (HTW) phenotype. HTW
hypertriglyceridemic-waist phenotype, HOMA-IR homeostasis model

2018. Therefore, many new studies were included in our
study. A total of 48 studies were included in our review, and
23 (47.9%) of them were published from 2015 to 2018.
Second, the prevention of diabetes is of paramount impor-
tance. HTW phenotype can be used for screening high-risk
groups for future diabetes in subjects without diabetes.
Third, to our knowledge, this is the first meta-analysis to
evaluate the relationship between HTW phenotype and
insulin resistance. Subjects with HTW phenotype have
more serious insulin resistance, even among subjects with-
out diabetes. Fourth, our meta-analysis found that HTW
phenotype can be used for evaluating the cardiovascular
risk factors in type 2 diabetes. Fifth, HTW phenotype was
proposed because HTW phenotype has more serious
atherogenic metabolic abnormalities compared with NWHT
and EWNT [3]. In our meta-analysis, some data were
analyzed according to four groups: NWNT, NWHT,
EWNT, and HTW phenotypes. HTW phenotype has higher
risk of abnormal glucose metabolism compared with sub-
jects with NWNT, NWHT, and EWNT.

There are some limitations in our meta-analysis. First, we
found heterogeneity in the meta-analyses, and the hetero-
geneity still remained in many subgroup analysis. Second,
the definition of HTW phenotype varied across studies. It is
well known that WC was different in different races.
Population- and country-specific definition of WC was

-50 0 50 100

Favours [HTW] Favours [non-HTW]

-100

assessment of insulin resistance, HOMA- homeostasis model
assessment of f cell function. a HOMA-IR and b HOMA-

recommended [63]. Third, abnormal glucose metabolism in
most studies were evaluated by FPG only, not OGTT.
Fourth, median (IQR) was transformed to mean (SD) in the
studies of HOMA indexes. The distribution of HOMA
indexes are skewed in these studies. This conversion might
not be appropriate. So subgroup analyses were done, and
the results were similar between two description methods,
median (IQR) and mean (SD).

Prospect

The studies about HTW phenotype and abnormal glucose
metabolism were observational study. As compared with
the consistent HTW phenotype, the risk of developing type
2 diabetes was greatly reduced in subjects recovering to
normal TG level and/or normal WC [41]. The intervention
study should be done in HTW phenotype to prove whether
appropriate intervention can improve insulin resistance or
prevent future diabetes and diabetic complications.

Conclusion
HTW phenotype was closely associated with increased risk

of abnormal glucose metabolism in the general population.
There was also a significant correlation between HTW
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Fig. 5 The levels of insulin resistance according to the status of waist
circumference and triglyceride. NWNT normal WC and normal TG
level, NWHT normal WC and high TG level, EWNT enlarged WC
and normal TG level, HTW enlarged WC and high TG level, WC

phenotype and insulin resistance. With the progress of
abnormal glucose metabolism, p-cell function declines
earlier in HTW phenotype. HTW phenotype has inap-
propriate blood glucose control and worse cardiovascular
risk factor. The relationship between HTW phenotype and
diabetic complications should be further confirmed.

@ Springer

Favours [HTW] Favours [EWNT)

waist circumference, TG triglyceride. a NWNT vs. NWHT, b NWNT
vs. EWNT, ¢ NWNT vs. HTW, d NWHT vs. HTW, e EWNT
vs. HTW

Study Highlights
What is already known about this subject?

e Diabetes is a global health burden due to its high
prevalence, deaths attributable and healthcare expenditure.
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e HTW phenotype was significantly associated with risk
of type 2 diabetes.

What does this study add?

e HTW phenotype can predict future diabetes in subjects
without diabetes.

e Subjects with HTW phenotype have more serious
insulin resistance, even among subjects without
diabetes.

e HTW phenotype has inappropriate blood glucose
control and worse cardiovascular risk factor in type 2
diabetes.
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