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ABSTRACT

Objectives To assess the anthropometric characteristics
of normoglycaemic individuals who subsequently
developed hyperglycaemia, and to evaluate the validity of
these measures to predict prediabetes and diabetes.
Design A community-based prospective cohort study.
Participants In total, 1885 residents with euglycaemia at
baseline from six communities were enrolled.

Setting Sichuan, southwest China.

Primary outcome measures The incidences of
prediabetes and diabetes were the primary outcomes.
Methods The waist-to-height ratio (WHtR), body mass
index (BMI), waist circumference (WC) and waist-to-hip
ratio (WHR) of all participants were measured at baseline
and during follow-up. A 75 g glucose oral glucose tolerance
test was conducted at each survey.

Results During a median of 3.00 (IQR: 2.92-4.17)

years follow-up, the cumulative incidence of isolated
impaired fasting glucose (IFG), isolated impaired glucose
tolerance (IGT), IFG combined with IGT (IFG+IGT), and
newly diagnosed diabetes mellitus (NDDM) were 8.44%,
18.14%, 8.06% and 13.79%, respectively. WHiR, BMI, WC
and WHR were significantly different among subjects who
subsequently progressed to isolated IFG or IGT, IFG+IGT
or NDDM (p<0.05). The anthropometric characteristics

of IFG+IGT subjects were similar to those of the NDDM
population (p>0.005). All the baseline anthropometric
measurements were useful for the prediction of future
prediabetes and NDDM (p<0.05). The optimal thresholds
for the four measurements were calculated for the
prediction of hyperglycaemia, with a WHtR value of 0.52
performing best to identify isolated IFG or IGT, IFG+IGT and
NDDM.

Conclusions Anthropometric measures, especially
WHIR, could be used to predict hyperglycaemia 3 years

in advance. Distinct from isolated IFG and IGT, the

Strengths and limitations of this study

» This study described and compared the anthro-
pometric characteristics of participants who sub-
sequently progressed to isolated impaired fasting
glucose (IFG), isolated impaired glucose toler-
ance (IGT), IFG combined with IGT, newly diag-
nosed diabetes mellitus (NDDM) or who remained
normoglycaemic.

» Variations in waist-to-height ratio, body mass index,
waist circumference and waist-to-hip ratio were
used to predict the transition from euglycaemia
to prediabetes, and overt NDDM in the following 3
years.

» The optimal threshold values for the prediction of
hyperglycaemia were determined from the anthro-
pometric measurements collected.

» The inherent limitations of the present work were a
relatively short follow-up period (median 3 years), a
low completion ratio of 41.9% and a limited sample
size, meaning that anthropometric threshold values
could not be determined by gender for each catego-
ry of hyperglycaemia.

individuals who developed combined IFG+IGT had identical
anthropometric profiles to those who progressed to NDDM.

INTRODUCTION

The rapidly growing incidence of diabetes
means that it is now reaching epidemic
proportions in China. The overall preva-
lences of diabetes and prediabetes were esti-
mated to be 11.6% and 50.1%, respectively,
in Chinese adults in 2010.! In 2007-2008,
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another cross-sectional study conducted across China
found that the prevalences of isolated impaired fasting
glucose (IFG), isolated impaired glucose tolerance (IGT)
and IFG combined with IGT (IFG+IGT), were 3.2%,
11.0% and 1.9% in men, and 2.2%, 10.9%, and 1.7%
in women, respectively.” Isolated IFG, isolated IGT and
IFG+IGT were selected as three different categories of
prediabetes, reflecting the progression from euglycaemia
to type 2 diabetes (T2D). Approximately 75%-80% of
patients with diabetes develop cardiovascular disease
(CVD) ultimately, and patients with prediabetes have
also been shown to be at greater risk of heart attack and
stroke.” It has been estimated that between 2005 and
2015, diabetes and consequent CVD have cost China
US$557.7billion.”

Measures to limit prediabetes are critical for the
prevention of diabetes. Early recognition of prediabetes
and prompt intervention could reduce the impact on
society as a whole. Both overall and central adiposity are
closely linked to hyperglycaemia. Body mass index (BMI)
correlates with overall adiposity, while waist circumfer-
ence (WC), waist-to-height ratio (WHtR) and waist-to-hip
ratio (WHR) are indicators of central obesity. These four
anthropometric indices are used globally to assess the risk
of current or future diabetes.”

Anthropometry is an affordable and practical screening
tool for the presence of hyperglycaemia, in both wealthy
and impoverished areas of China. In this communi-
ty-based prospective cohort study, we aimed to determine
whether these anthropometric indices could predict
future prediabetes and diabetes, and to establish optimal
threshold values for the population. The baseline anthro-
pometric characteristics of normoglycaemic subjects,
who subsequently developed isolated IFG, isolated IGT,
IFG+IGT and newly diagnosed diabetes mellitus (NDDM)
during follow-up, were compared and the similarities and
differences between pairs of hyperglycaemic categories
were analysed.

STUDY DESIGN AND METHODS

Study population

The present study included two populations, in Luzhou
City and in the Wenjiang area of Chengdu City. The
Luzhou population are participants in the Risk Eval-
uation of cAncers in Chinese diabeTic Individuals: a
10Ngitudinal (REACTION) study which is a multicentre
prospective observational study of 25 communities in
mainland China.'"” " A total of 10007 residents, aged
40-89 years, were randomly recruited to participate in
this study from five communities in Luzhou in 2011.
Subjects with a history of diabetes, incident diabetes or
prediabetes verified by an oral glucose tolerance test
(OGTT), those missing values or any parameter, or
having any of the other conditions (listed below), were
excluded. After this, 3800 individuals with normogly-
caemia remained to form the baseline population. Of
these, 1354 participants returned to complete the study

in 2014. In addition, in 2016, 228 members of the base-
line normoglycaemic population who had not been
studied in 2014, were followed up. Therefore, data from
a total of 1582 subjects from Luzhou baseline screen
were available for analysis.

In the Wenjiang survey, a cohort of 1104 participants
aged 40-75 years were randomly recruited from Yinchao
community in 2011. Using the same inclusion criteria,
698 normoglycaemic individuals comprised the baseline
population. Of these, 303 subjects were followed up in
2015 and completed the study. Thus, from Luzhou and
Wenjiang, a total of 1885 participants were included in
the analysis.

All of the subjects were of Han Chinese ethnicity. A flow
diagram of the study design is displayed as supplementary
figure 1 (online). Individuals with the following condi-
tions were excluded from the study: infection, pregnancy,
malignant tumour, acute cardiovascular accident, serious
trauma, liver or renal dysfunction, or a long history of
glucocorticoid use. The research was conducted in accor-
dance with the principles of the Declaration of Helsinki
II. Each participant provided written informed consent.

Patient and public involvement

All patients were randomly recruited to participate in this
study and were interviewed face-to-face by trained inves-
tigators for detailed explanation of informed consent
at the beginning. Three months later, each participant
received a health report with advised suggestions.

Diagnosis of diabetes and prediabetes

The diagnosis of hyperglycaemic disorder was made
in accordance with the American Diabetes Association
recommendations, using OGTT, in 2011."% Normal
glycaemic tolerance (NGT) was defined by a fasting
plasma glucose (FPG) <56.6mmol/L and a 2-hour plasma
glucose (2hPG) <7.8 mmol/L. Isolated IFG was defined by
5.6 mmol/L<FPG<7.0mmol/Landa2hPG <7.8 mmol/L,
while isolated IGT was defined by an FPG <5.6 mmol/L
and 7.8mmol/L <2hPG <l1l.lmmol/L. IFG+IGT
was defined by 5.6mmol/L <FPG <7.0mmol/L and
7.8mmol/L <2hPG <11.1 mmol/L. Diabetes was defined
by an FPG 27.0 mmol/L and/or a 2hPG 211.1 mmol/L.

Anthropometric measurements

Anthropometric measurements, including body mass,
height, WC and hip circumference were made by trained
investigators. Measurements were conducted while all
participants were wearing light clothing, without foot-
wear after a 10-12hours overnight fast in the morning.
Measurements were made using calibrated weighing
scales, standard steel strip stadiometers and tape measures.
The results were recorded to the nearest 0.1kg or 0.1 cm.
WC was measured at the midpoint between the costal
border and the iliac crest at the end of exhalation. Hip
circumference was measured around the widest portion
of the buttocks. BMI was calculated as body mass (kg)
divided by height squared (m*), WHIR was calculated as

2

Zhang F, et al. BMJ Open 2018;8:019735. doi:10.1136/bmjopen-2017-019735


https://dx.doi.org/10.1136/bmjopen-2017-019735
https://dx.doi.org/10.1136/bmjopen-2017-019735

8 Open Access

WC (cm) divided by height (cm), and WHR as WC (cm)
divided by hip circumference (cm).

Lifestyle variables and biological evaluation

Trained investigators collected lifestyle information,
consisting of demographic characteristics, current
smoking status, physical activity situation, medications,
and personal and family disease histories, using a stan-
dard questionnaire and face-to-face interviews. The ques-
tionnaire categorised the participants into two groups:
subjects undertaking vigorous physical activity 21 day per
week and subjects undertaking vigorous physical activity
on <l day per week. Blood pressure was measured three
times in each participant using an electronic sphygmo-
manometer (OMRON HEM-7220; Liaoning, China),
with b min intervals between measurements, after at least
10 min rest, and the mean value was recorded.

All  participants underwent an OGTT. After a
10-12hours overnight fast, venous blood was drawn
both before and 2hours after they drank 300 mL water
containing 75g anhydrous glucose within 5min. FPG
and 2hPG concentrations were measured within 24 hours
using the hexokinase method (Hitachi 7600 automatic
biochemical analyser; Hitachi, Tokyo, Japan). Fasting
blood samples were collected for lipid profile measure-
ments, including total cholesterol (TC), triglyceride
(TG), high-density lipoprotein cholesterol (HDL-c) and
low-density lipoprotein cholesterol (LDL-c). Serum TC,
TG and HDL-c concentrations were measured using
oxidase colorimetric methods, and LDL-c concentra-
tion was measured by homogeneous assay, on a Hitachi
7600 automatic biochemical analyser (Hitachi, Tokyo,
Japan) within 24 hours. Haemoglobin Alc (HbAlc) was
measured using the high performance liquid chroma-
tography (VARIANT II TURBO Haemoglobin Testing
System, Bio-Rad Laboratories, California, USA). The
samples were stored at —-20°C until analysis which was
undertaken within 3 weeks.

Statistical analysis

Data were analysed using SPSS software V.16.0 (SPSS,
Chicago, Illinois, USA) and MedCalc software V.15.2.2
(MedCalc software, Ostend, Belgium). All data are
expressed as mean+SD, median (IQR) or frequency (%),
as appropriate. One-way analysis of variance was used for
parametric data, whereas the rank-sum test was applied
for non-parametric data. The y* test was used for the
comparison of ratio. All tests were two-sided. In analyses
of more than three groups, overall p<0.05 was considered
significant. The Bonferroni correction and y* segmenta-
tion were used for multiple comparison adjustments. For
the comparison of two specific subgroups, p<0.005 was
considered significant. For BMI, WHtR, WC and WHR,
receiver operating characteristic (ROC) curve analyses
were used to compare their ability to predict incident
prediabetes and diabetes. The non-parametric approach
described by Del.ong et al was used to compare the areas
under ROC curves.”” The predictive threshold values

for hyperglycaemia were calculated. Cox proportional
hazards regression was used to evaluate associations
between anthropometric indices and hyperglycaemic
categories; the time axis consisted of the period of
follow-up until prediabetes or diabetes developed, or the
end of the study. Hazard ratio (HR) and 95% CI were
calculated.

RESULTS

Characteristics of subjects at baseline

A total of 1885 normoglycaemic subjects (649 men and
1236 women), with a median age of 56 (IQR: 48-61) years
old, were recruited in 2011. After a median follow-up of
3.00 (2.92-4.17) years, 159 individuals had developed
isolated IFG, 342 had developed isolated IGT, 152 had
developed IFG+IGT, 260 had developed NDDM and the
remaining 972 participants remained normoglycaemic.
The incidences of prediabetes and NDDM were calcu-
lated to be 104.9 per 1000 person-years and 41.8 per 1000
person-years, respectively. The characteristics of all the
subjects at baseline in Luzhou and Wenjiang are shown
in supplementary table 1 (online). The participants in
Luzhou were older than the participants in Wenjiang,
and had higher glucose levels at baseline and greater inci-
dences of prediabetes and diabetes during follow-up. The
baseline measurements of the participants who subse-
quently developed isolated IFG, isolated IGT, IFG+IGT or
NDDM in the future are shown in table 1. The subjects
who developed NDDM were the oldest group at baseline
among the five groups (p=0.000). The individuals who
transited to isolated IGT, IFG+IGT or NDDM had higher
baseline HbAlc levels than the subjects who remained
normoglycaemic (p<0.005).

Baseline and follow-up anthropometric values in subjects
who subsequently developed hyperglycaemic disorders
During the follow-up examination, it was found that
WHIR in the NGT group was lower than in the isolated
IGT, IFG+IGT or NDDM groups (p<0.005) (table 2), and
it was lower in the isolated IFG and isolated IGT groups
than in the IFG+IGT and NDDM groups (p<0.005). The
p values were 0.009 and 0.006 for BMI in isolated IFG
versus IFG+IGT, and isolated IGT versus IFG+IGT, respec-
tively, and 0.005 for WHR in the isolated IFG or IGT
groups versus the IFG+IGT group. There were the trends
towards the differences in both BMI and WHR between
the isolated IFG or IGT groups, and the IFG+HIGT group.
To summarise, BMI, WC and WHR in the five hypergly-
caemic groups tended to follow the following pattern:
NGT < isolated IFG and isolated IGT < IFG+IGT and
NDDM. Unlike when the isolated IFG or isolated IGT
groups were compared, the anthropometric character-
istics of the IFG+IGT group were similar to those of the
NDDM at follow-up (p>0.005).

To assess whether the anthropometric values were
already different before hyperglycaemia developed, we
evaluated the differences between groups at baseline,
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Table 2 Baseline and follow-up anthropometric values in participants who developed hyperglycaemic disorders

NGT Isolated IFG Isolated IGT IFG+IGT NDDM Overall
(n=972) (n=159) (n=342) (n=152) (n=260) p values

At follow-up survey

WHtR (cm/cm)  0.51 (0.47- 0.52 (0.48- 0.53 (0.49- 0.54 (0.51- 0.56 (0.52- 0.000
0.55)"tf 0.56)t* 0.57)t1§ 0.59)*§9 0.60)*§9

BMI (kg/m?) 23.46 (21.77- 24.27 (22.49- 24.44 (22.63—- 25.09 (23.62- 25.73 (23.29- 0.000
25.53)" 119 26.17)%§ 26.50)1§ 27.01)§ 27.82)"§|

WC (cm) 80.65 (74.00- 82.80 (77.00- 84.00 (78.00- 86.70 (80.28- 88.00 (82.00- 0.000
87.00)"t19 91.00)T1§ 90.00)T1§ 93.00)*§1] 95.00)*§1]

WHR (cm/cm) 0.86 (0.81- 0.88 (0.84- 0.88 (0.83-0.92)1§ 0.90 (0.86-0.94)§ 0.91 (0.87- 0.000
0.91)*T%9 0.92)1§ 0.95)*§9

At baseline survey

WHtR (cm/cm)  0.50+0.05*t9] 0.52+0.067%§ 0.53+0.0511] 0.54+0.0581 0.55+0.06*§| 0.000

BMI (kg/m?) 23.03 (21.23- 23.31 (21.56- 24.03 (22.10- 24.98 (23.47- 25.42 (23.17- 0.000
25.16)"1% 25.64)t 26.22)§ 26.67)§ 27.22)81

WC (cm) 79.00 (73.00- 82.00 (76.00- 83.00 (77.10- 87.00 (81.00- 86.00 (80.00- 0.282
86.00) 89.00) 89.00) 91.28) 93.00)

WHR (cm/cm) 0.86 (0.81-0.90)f 0.87 (0.92-0.92) 0.87 (0.82-0.91)  0.89 (0.86-0.93) 0.90 (0.86-0.94)§ 0.010

Data are expressed as median (IQR) or mean+SD.

At follow-up survey: one-way ANOVA was used for WHtR, BMI and WC among the five glucose metabolic groups. LSD analysis was applied
for the further comparisons between any two subgroups (a’=0.005). Kruskal-Wallis H analysis was applied for WHR among the five groups
and Mann-Whitney U analysis was performed for the following comparisons within any two subgroups (a’=0.005).

At baseline survey: one-way ANOVA was used for all indices among the five glucose metabolic groups. LSD analysis was applied for WHtR,

BMI and WHR between any two subgroups’ comparison (a’=0.005).
*Versus isolated IGT and p<0.005.

TVersus IFG+IGT and p<0.005.

FVersus NDDM and p<0.005.

§Versus NGT and p<0.005.

{Versus isolated IFG and p<0.005.

ANOVA, analysis of variance; BMI, body mass index; IFG, impaired fasting glucose; IGT, impaired glucose tolerance; NDDM, newly diagnosed
diabetes mellitus; NGT, normal glucose tolerance; WC, waist circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio.

when all the subjects were still normoglycaemic. Base-
line WHtR, BMI and WHR, but not WC, substantially
differed among the five groups (p<0.05) (table 2). NGT
subjects had lower WHtR than the subjects who subse-
quently developed hyperglycaemia (p<0.005). The WHtR
values of the IFG+IGTand NDDM groups were higher
than those of the isolated IFG group (p<0.005), while the
isolated IGT group had a lower WHtR than the NDDM
group (p<0.005). The BMI of the NGT group was lower
than those of the isolated IGT, IFG+IGT and NDDM
groups (p<0.005), and the isolated IFG group had a lower
BMI than NDDM subjects (p<0.005). In addition, NGT
individuals had a lower WHR than patients with NDDM
at baseline (p<0.005). Consistent with the findings at
follow-up, itis worth noting that at baseline, there were no
significant differences in WHtR, BMI and WHR between
individuals who subsequently developed IFG+IGTand
those who converted to NDDM (p>0.005).

Use of baseline anthropometric indices to predict future
prediabetes and NDDM

For the prediction of isolated IFG, baseline WHtR, WC
and WHR showed significantly different areas under
the curve (AUGs) (p<0.05) (table 3). WHtR and WC

were more effective at predicting isolated IFG than BMI
(p<0.05) (figure 1A). For subjects who developed isolated
IGT, the AUGCs of all the four indices were significant
(p=0.000). WHtR had a higher predictive value than
BMI, WC and WHR (p<0.05), while WC was superior to
WHR for predicting isolated IGT (p<0.05) (figure 1B).
For IFG+IGTincidence, all four parameters were valu-
able predictors (p=0.000), among which WHtR and WC
ranked higher than WHR (p<0.05) (figure 1C). For the
prediction of NDDM, the four indices were significant
(p<0.05), but WHtR was the best predictor (p<0.05)
(figure 1D). The optimal thresholds for predicting hyper-
glycaemia for the four indices (WC and WHR thresholds
for men and women) were then calculated.

Multivariate analysis of baseline anthropometric indices with
respect to risk of subsequent prediabetes and NDDM
According to Cox proportional hazards regression, the
risk of developing isolated IFG was greater with higher
WC at baseline (p<0.05) (table 4). The risk factors for the
development of isolated IGT were baseline WHtR, BMI
and WC (p<0.05). For both IFG+IGTand NDDM, high
baseline WHtR, BMI, WC and WHR were all risk factors
(p<0.05).
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DISCUSSION

In this community-based prospective cohort study, we
have shown that: (1) for patients with hyperglycaemia,
WHItR, BMI, WC and WHR tended to be as follows: NGT
< isolated IFG and isolated IGT < IFG+IGT and NDDM;
(2) among these categories of hyperglycaemia, it is note-
worthy that unlike isolated IFG and isolated IGT, there
were no significant differences in baseline WHtR or BMI
between subjects with IFG+IGTand NDDM; (3) WHItR,
BMI, WC and WHR could predict the presence of predi-
abetes or diabetes 3 years in advance; furthermore, the
greater were these baseline anthropometric values, the
higher was the risk of developing hyperglycaemia; (4)
optimal threshold values for the four variables for iden-
tification of prediabetes and diabetes were calculated,
with WHtR performing best of these in the prediction of
hyperglycaemia.

An Iranian study of 5879 people 9 years after they were
initially found to be normoglycaemic found that 1755
subjects had developed prediabetes and that isolated IFG
was the most common prediabetic phenotype. This study
found that among women, in contrast to the use of BMI,
hip circumference and WC, WHtR was the only signifi-
cant anthropometric predictor of prediabetes.'* Lyssenko
et al reported a study of 1190 subjects in Finland who
initially had NGT. During a median follow-up of 6 years,
199 had progressed to prediabetes. Compared with those
who remained NGT, those with prediabetes had substan-
tially higher BMI and WHtR at baseline." Many investiga-
tors have shown that anthropometry is tightly correlated
with the occurrence of prediabetes although most of the
studies conducted have been cross-sectional, rather than
longitudinal.'®"?

After reviewing the literature, we found some common
themes: (1) with respect to prediabetes, the majority of
the studies only defined one or two distinct prediabetic
phenotypes or defined a single category called ‘predia-
betes’; (2) rarely did investigators describe the respective
anthropometric characteristics of the various hypergly-
caemic disorders in their manuscripts. We located only
one previous report that gave anthropometric informa-
tion in detail for all the potential prediabetic phenotypes
and NDDM.* It was shown in this study that WH(R, BMI,
WC and WHR varied substantially among subjects with
NGT, isolated IFG, isolated IGT, IFG+IGT and NDDM,
but none of the anthropometric indices were compared
between hyperglycaemic groups. Therefore, the possi-
bility that anthropometry might vary between prediabetes
and NDDM could not be assessed, and moreover, this
study was cross-sectional. To our knowledge, the present
work is the first prospective cohort study that described
the anthropometric characteristics of participants who
progressed to diverse hyperglycaemic conditions and
demonstrated the variation among WHtR, BMI, WC and
WHR in the transition from NGT to prediabetes and
overt NDDM.

The pathogenesis of isolated IFG and isolated IGT
is heterogeneous, while individuals with IFG+IGT

Zhang F, et al. BMJ Open 2018;8:019735. doi:10.1136/bmjopen-2017-019735
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manifest both hepatic and peripheral insulin resistance.
Prediabetes, as an intermediate hyperglycaemic state,
carries a high risk for the subsequent development of
diabetes. Among the three prediabetic phenotypes,
IFG+IGT carries approximately twice the risk of tran-
sition to diabetes compared with subjects with just one
of the abnormalities.”’ In our previous work, we found
that several biomarkers in individuals with IFG+IGT had
similar values to those present in the NDDM population,
but these were different in individuals with IFG or IGT
alone.”** Consistent with this, in the present study, we
observed that participants who subsequently developed
hyperglycaemia had higher WHtR, BMI and WHR at
baseline than those who remained NGT. Among the three
prediabetic phenotypes, IFG+IGT subjects had the most
adverse anthropometric profiles at baseline, such that
there were no significant differences from the NDDM
group. These findings may imply that although IFG+IGT
is a subtype of prediabetes, some aspects of its pathophys-
iology have already deteriorated to the same extent as in
NDDM. However, prediabetes is a reversible condition

and consequently, prompt intervention is required to
avoid or delay its progression, especially for patients with
IFG+IGT.

A prospective study conducted in Pima Indians found
that BMI and WHtR were the best predictors of diabetes
in men, while BMI, WHtR, WC and waist-to-thigh ratio
were the best predictors in women.” Chei et al published
a cohort study of 5617 Japanese participants, finding that
in women only, the significant predictors of T2D were
BMI, WC and WHR.? Finally, in a multiethnic cohort of
1073 non-Hispanic white, Hispanic and African-American
non-diabetic individuals, baseline anthropometric infor-
mation showed that BMI was most predictive of diabetes
in the non-Hispanic white and Hispanic populations,
whereas all the indicators of central obesity were more
predictive than measures of overall adiposity in the Afri-
can-American population.27 The contrasts in these sets
of data indicate that the validity of such anthropometric
measurements for the prediction of diabetes development
vary among different ethnicities, genders and regions.
Based on our ROC analysis, WHtR was most effective for

8
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the prediction of prediabetes and overt NDDM, followed
by WC, while BMI and WHR were relatively weak predic-
tors. Results from two western Pacific studies were consis-
tent with our findings.*®*

A systematic review proposed that the threshold values
for WHtR in the prediction of diabetes in men and
women are 0.52 and 0.53, respectively.”’ In a Chinese
community-based prospective cohort study, the optimal
threshold values for WHtR and BMI were 0.51 and 24 for
men, and 0.55 and 25 for women, respectively.” These
predictive values were similar to those identified in our
study.

Several limitations to our work should be addressed.
First, the follow-up period of a median 3.00 years was
relatively short. However, we identified high cumulative
incidences of prediabetes and NDDM (34.6% and 13.8%,
respectively). The fast pace of life and sedentary lifestyle of
the population may be the main contributors to the rapid
growth in hyperglycaemia. However, it might also be the
result of selection bias because subjects with a higher risk
might be more likely to take part in the follow-up assess-
ment. In addition, the participants were 240 years old, a
little older than the subjects (235 years) in some other
epidemiological studies. This might also be an explana-
tion that a large proportion of subjects became hypergly-
caemic in this cohort study. Second, the proportion of
participants attending the follow-up assessment was low
(41.91%). Conducting of a phone interview once a year at
least, followed by prompt examination, could improve this
statistic in the future. Third, the sample size was limited.
On account of this weakness, it was not possible to calcu-
late anthropometric threshold values for each hypergly-
caemic state by gender. Further studies are required to
establish specific screening thresholds for prediabetes
and NDDM in men and women, especially with regard
to WC and WHR. Fourth, there was lack of OGTT repro-
ducibility in each set of measurements. Unwillingness of
subjects and limited staff and financial resources were the
two major causes of this. By combining these data with
the questionnaire data and the HbAlc results, we tried to
minimise the associated error and improve the diagnostic
accuracy as much as possible.

In summary, WHtR, BMI, WC and WHR are all predic-
tors of the development of prediabetes and NDDM 3
years in advance. Individuals with high WHtR, BMI, WC
and WHR are thus at higher risk of developing predia-
betes and T2D. The optimal thresholds for all the anthro-
pometric measures to predict hyperglycaemia were
calculated, with a WHtR value of 0.52 performing best
at predicting the development of isolated IFG or IGT,
IFG+IGT and NDDM. The magnitude of WHtR and BMI
in normoglycaemic subjects illustrate the likelihood of
progression from normoglycaemia to prediabetes, and
then to overt T2D. Of note, and in contrast to the situ-
ation with regard to isolated IFG or IGT, the anthropo-
metric characteristics of IFG+IGT subjects were similar
to those of the NDDM population, both at baseline and
follow-up.

Zhang F, et al. BMJ Open 2018;8:019735. doi:10.1136/bmjopen-2017-019735
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