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Abstract
BACKGROUND
The risk of developing prediabetes based on the metabolic/obesity phenotypes
has been poorly investigated.

AIM
To examine the association of baseline metabolic/obesity phenotypes and their
changes over time with the risk of prediabetes development.

METHODS
In a population-based cohort study, 1741 adults (aged > 19 years) with normal
blood glucose were followed for 14 years. Anthropometric and biochemical
measures were evaluated regularly during the follow-up period. According to
body mass index and metabolic health status, participants were categorized into
four groups: Metabolically healthy normal weight (MHNW), metabolically
healthy obese (MHO), metabolically unhealthy normal weight (MUNW) and
metabolically unhealthy obese (MUO). Multivariable Cox regression analysis was
used to measure the risk of prediabetes according to the baseline
metabolic/obesity phenotype and their changes during the follow-up.

RESULTS
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In the whole population with a mean (95CCI for mean) follow up duration of 12.7
years (12.6-12.9), all three MUNW, MHO, MUO groups were at higher risk for
developing prediabetes compared to the MHNW group (P = 0.022). The MUNW
group had the highest risk for developing prediabetes (hazard ratio (HR): 3.84,
95%CI: 1.20, 12.27). In stratified analysis by sex, no significant association was
found in men, while women in the MUNW group were at the greatest risk for
prediabetes (HR: 6.74, 95%CI: 1.53, 29.66). Transforming from each phenotype to
MHNW or MHO was not related to the risk of prediabetes development, whereas
transforming from each phenotype to MUO was associated with an increased risk
of prediabetes (HR > 1; P < 0.05).

CONCLUSION
Our findings indicate that MHO is not a high risk, unless it transforms into MUO
over time. However, people in the MUNW group have the greatest risk for
developing prediabetes, and therefore, they should be screened and treated.

Key words: Prediabetes; Obesity; Metabolic status; Cohort study
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Core tip: The risk of developing prediabetes based on metabolic/obesity phenotypes has
been poorly investigated. In a 14-year follow-up cohort study, we observed that
metabolically unhealthy normal weight, metabolically healthy obese (MHO), and
metabolically unhealthy obese (MUO) were at higher risk for developing prediabetes
compared to metabolically healthy normal weight (MHNW) subjects. The results
stratified by sex demonstrated no significant association in men, while the risk of
prediabetes development was significantly higher in all metabolic/obesity phenotypes in
women compared to MHNW. Transforming from each phenotype to MHNW or MHO
was not related to an increased risk of prediabetes development, whereas transforming
from each phenotype to MUO was associated with an increased risk of prediabetes.

Citation: Haghighatdoost F, Amini M, Aminorroaya A, Abyar M, Feizi A. Different
metabolic/obesity phenotypes are differentially associated with development of prediabetes in
adults: Results from a 14-year cohort study. World J Diabetes 2019; 10(6): 350-361
URL: https://www.wjgnet.com/1948-9358/full/v10/i6/350.htm
DOI: https://dx.doi.org/10.4239/wjd.v10.i6.350

INTRODUCTION
Type 2 diabetes mellitus (T2DM) is a public health concern worldwide[1]. The preva-
lence and burden of diabetes has increased faster in low-income and developing
countries than in high-income countries[2].  Prediabetic subjects are at a 3-12 times
higher risk for developing diabetes compared to the general population[3]. In addition,
the  prevalence  of  cardiovascular  and  renal  diseases  has  increased  in  American
prediabetic  patients over the last  decades[3].  Therefore,  identification of  effective
measures to prevent prediabetes risk might be useful for reducing the risk of T2DM,
cardiovascular and renal diseases.

Although body mass index (BMI), as a measure of obesity, is positively correlated
with the risk of various non-communicable diseases[4,5], approximately 35% of obese
individuals are metabolically healthy[6]. In contrast, many normal weight subjects may
suffer from a variety of metabolic abnormalities, such as insulin resistance, hyper-
tension, dyslipidemia and hyperglycemia[7,8]. However, metabolic abnormalities are
more  common  amongst  metabolically  healthy  obese  (MHO)  than  metabolically
healthy normal weight (MHNW) individuals[6]. Consistently, a recent meta-analysis
showed  that  MHO  subjects  with  or  without  fatty  liver  had  a  greater  risk  for
developing T2DM compared to MHNW subjects without fatty liver[9]. In a 10-year
follow  up  study  among  Koreans,  the  incident  diabetes  risk  was  higher  in  both
metabolically unhealthy normal weight (MUNW) and metabolically unhealthy obese
(MUO) individuals than MHNW individuals. Nevertheless, in MHO subjects in this
population, the incidence of T2DM was significantly higher in subjects younger than
45 years, but not in older adults[10].  Although the association between metabolic/
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obesity phenotypes and T2DM have been investigated in various populations[10-14], few
studies have been conducted to evaluate such association not only in Iran where
diabetes mellitus is one of the main causes of years lived with disability, but also
worldwide[15].  In  our  previous  publication,  MHO  and  MUOW  subjects  were  at
considerably greater  risk for  developing T2DM compared to MHNW subjects[12].
Nevertheless,  the  risk  of  developing  prediabetes  based  on  metabolic/obesity
phenotypes has been poorly investigated. In a retrospective Japanese population
cohort  study,  the  prevalence  of  prediabetes  was  remarkably  higher  in  obese
individuals  compared  to  normal  weight  subjects  (60%  vs  34%) [16].  Another
longitudinal study revealed no association between general adiposity and diabetes or
prediabetes risk, while dysfunctional adiposity, determined by excess visceral fat and
insulin resistance, was associated with the occurrence of diabetes or prediabetes[17].
Due to our limited knowledge regarding prediabetes risk, in the current study, we
aimed to: (1) Estimate the prevalence of different metabolic/obesity phenotypes in an
Iranian population and (2) Determine the association of baseline metabolic/obesity
phenotypes and their interchanges during follow-up with the risk of prediabetes
development in a prospective cohort study.

MATERIALS AND METHODS

Study subjects
Subjects in the present study were from the Isfahan Diabetes Prevention Study (IDPS).
Details  regarding  the  IDPS  population  and  study  design  have  been  described
elsewhere[18]. In brief, the IDPS is an ongoing prospective cohort study that began in
2003,  and participants  were selected from a consecutive sample of  patients  who
attended the clinics of Isfahan Endocrine and Metabolism Research Center. This study
was conducted to evaluate the role of lifestyle factors in developing prediabetes and
T2DM in the immediate family of T2DM patients. A total of 1741 subjects (439 men
and 1302 women) without prediabetes or T2DM aged from 30 to 70 years and with
complete data were included in the current cohort study to identify metabolic status
and metabolic/obesity phenotypes. Subjects were followed for 14 years (2003 to 2017).
Information regarding health status and lifestyle risk factors for T2DM, like physical
activity and dietary intakes and demographic variables were collected using validated
questionnaires  and updated according to  a  medical  care  standard in diabetes[19].
Accordingly, participants were tested for the diagnosis of new-onset prediabetes or
diabetes in at least at 3-year intervals. Informed written consent was obtained from
each participant at baseline. The Ethical Committee of Isfahan University of Medical
Sciences approved the study protocol.

Anthropometric assessment
All measurements were acquired by well-trained examiners at baseline. Weight was
determined using a balanced scale while participants were minimally clothed and
recorded to the nearest 0.1 kg. Height was measured using a wall-fixed tape measure
while shoulders were in the normal position and participants were without footwear,
and recorded to the nearest 0.5 cm. Waist circumference (WC) and hip circumference
(HC) were measured using a metal tape measure without imposing any pressure to
body surface and were recorded to the nearest 0.5 cm. WC was considered as the
narrowest level between the lowest rib and iliac crest, and HC was considered as the
largest level[20]. BMI was calculated by dividing body weight in kg by height in m2.
Waist to hip ratio (WHR) was calculated as dividing WC by HC.

Laboratory measurements
A 10-h overnight fasting blood sample was gathered to measure serum lipids [total
cholesterol (TC), low density lipoprotein cholesterol (LDL-C), high density lipoprotein
cholesterol  (HDL-C)  and  triglyceride  (TG)  and  fasting  plasma  glucose  (FPG)].
Postprandial plasma glucose levels were determined in venous blood sample at 30, 60,
and 120 min after  oral  glucose  administration.  Plasma glucose  and lipid profile
concentrations were measured using the oxidase method (Pars Azmoon, Tehran, Iran)
adapted to a Selectra-2 auto-analyzer (Vital Scientific, Spankeren, The Netherlands).
Serum LDL-C levels were calculated using the Friedwald equation when serum TG
levels were < 400 mg/dL[21]. Whole blood samples were used to determine HbA1c
concentrations through the pink reagent kit on a DS5 analyzer. For all markers, intra-
and inter-assay coefficients of variability (CVs) were < 2.2%.

Assessment of other variables
To measure blood pressure, subjects were asked to rest for 15 min, and then while
subjects were sitting, blood pressure was measured twice with a 30 s interval between
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the two measurements using a Mercury sphygmomanometer. The mean of the two
measurements was recorded as the blood pressure value.

Definition of prediabetes and metabolic/obesity phenotypes
Prediabetes  was  defined  according  to  the  definition  of  the  American  Diabetes
Association. Accordingly, subjects with 100 ≤ FPG < 126 mg/dL or HbA1C ≥ 6.5% or
2-h  oral  glucose  test  tolerance  (2h-OGTT)  ≥  200  mg/dL  were  defined  as  being
prediabetic[19]. Normal weight and overweight/obese were defined as BMI < 25 and ≥
25 kg/m2, respectively. Metabolic unhealthy was defined as the presence of at least
one component of the following criteria: (1) Elevated blood pressure (systolic blood
pressure  ≥  130 mmHg or  diastolic  blood pressure  ≥  85  mmHg);  (2)  Low HDL-C
concentration (< 50 mg/dL in women and < 40 mg/dL in men); and (3) High serum
TG (≥ 150 mg/dL)[22].

Statistical analysis
Participants were categorized into four metabolic/obesity phenotypes categories.
Normal distribution of quantitative data was tested using the Kolmogrov-Smirnov
test and Q-Q plot. Data were reported as mean ± SE or percentage for continuous and
categorical variables, respectively. The association between categorical variables was
examined using the chi-square test.  Between groups differences for  quantitative
variables were evaluated using Analysis of variance (ANOVA).

Event-free rates were estimated using the Kaplan-Meier method, and the diffe-
rences between survival curves for all metabolic/obesity phenotypes at the end of
follow-up were compared by using the log-rank test. Hazard ratios (HRs) and 95%
confidence intervals (CIs) for developing prediabetes were calculated using univariate
and multivariate Cox proportional  hazards regression models.  The crude model
included only the metabolic/obesity phenotypes, and model 1 was adjusted for age,
sex, smoking and physical activity as possible confounding factors. Statistical analyses
were performed using statistical package for social science (SPSS version 16, SPSS,
Inc., IL, United States).

RESULTS
Baseline characteristics of the study population across the metabolic/obesity pheno-
types are shown in Table 1. Of the 1741 subjects with normal glucose tolerance at
baseline, 274 persons (15.7%) were MHNW. The most and least prevalent phenotypes
were MHO (48.4%) and MUNW (4.1%), respectively. Normal weight groups, either
metabolically healthy or unhealthy, were more likely to be male and highly educated.
In both normal weight and overweight/obese groups, the means of age, weight, BMI,
WC,  HC  and  WHR  were  higher  in  metabolically  unhealthy  subjects  than
metabolically healthy subjects. Similar results were also observed for biochemical
tests, including blood sugar-30 -60 and-120 min, lipid profile (TG, TC, HDL-C, LDL-
C),  SBP  and  DBP.  FPG  and  HbA1c  were  not  significantly  different  across  the
metabolic/obesity  phenotypes.  Physical  activity  level  and  smoking  were  not
significantly different across the metabolic/obesity phenotypes.

Person-years follow up (incidence rate per 1000-person years) for MHNW and
overweight/obese subjects were 3007 (14.96) and 9501 (18),  respectively.  Corres-
ponding values in MUNW subjects were 736 (29.89),  and 6204 overweight/obese
(20.9), respectively. In total, person-years follow up (incidence rate per 1000-person
years) in metabolically healthy and unhealthy subjects were 12508 (17.34) and 6940
(22.33), respectively. The prevalence of different metabolic/obesity phenotypes at
baseline and the end of study is illustrated in Figure 1. The most common phenotype
at baseline or at the end of the study was related to MHO (baseline: 48.5% and end of
follow-up: 46.9%), whilst the least common phenotype was MUNW (baseline: 4.1%
and end of follow-up: 4.0%). At baseline, 24% of metabolically healthy subjects and
11% of metabolically unhealthy subjects had normal weights (Figure 1). Changing in
the prevalence of metabolic/obesity phenotypes was statistically significant over the
study follow-up (Figure 1). Figure 2 shows how the prevalence of overweight and
obesity based on metabolic health change changed during the follow-up. In all four
groups, BMI status significantly changed (all P -values < 0.0001).

Figure 3A and B show the Kaplan-Meier survival curves of prediabetes incidence,
comparing the two (metabolically healthy and unhealthy) and four groups (MHNW
MUNW, MHO, MUO). The results of log rank tests showed significant difference
between groups, indicating a significantly different probability of incidence rate of
prediabetes  between  study  groups.  Metabolic  unhealthy  people  had  a  higher
probability (Chi-square = 5.71; P = 0.023), and the MUNW, MHO, MUO groups had
higher event-rate rates compared to MHNW subjects (Chi-square = 12.49; P = 0.006).
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Table 1  General characteristics of study population at baseline1

Metabolically healthy
and normal weight

Metabolically healthy
and overweight or
obese

Metabolically
unhealthy and normal
weight

Metabolically
unhealthy and
overweight or obese

P value2

Number (%) 274 (15.7) 843 (48.4) 71 (4.1) 553 (31.8)

Age in yr 41.05 ± 0.42 42.33 ± 0.22 43.38 ± 0.76 43.31 ± 0.27 < 0.0001

Weight in kg 59.22 ± 0.46 74.77 ± 0.38 61.64 ± 0.99 77.92 ± 0.50 < 0.0001

BMI in kg/m2 22.75 ± 0.11 29.47 ± 0.12 23.61 ± 0.16 30.35 ± 0.16 < 0.0001

WC in cm 76.79 ± 0.42 88.67 ± 0.29 81.19 ± 0.80 92.62 ± 0.38 < 0.0001

HC in cm 97.39 ± 0.30 108.71 ± 0.27 98.22 ± 0.57 109.51 ± 0.35 < 0.0001

WHR 0.79 ± 0.004 0.82 ± 0.002 0.83 ± 0.008 0.85 ± 0.003 < 0.0001

FBS in mg/dL 88.04 ± 0.42 88.33 ± 0.24 87.13 ± 1.12 88.54 ± 0.34 0.446

Blood sugar 30 min in
mg/dL

124.91 ± 1.53 129.96 ± 0.94 132.30 ± 3.32 133.48 ± 1.13 < 0.0001

Blood sugar 60 min in
mg/dL

118.09 ± 1.94 125.60 ± 1.12 127.76 ± 4.49 135.30 ± 1.38 < 0.0001

Blood sugar 120 min in
mg/dL

95.74 ± 1.31 101.32 ± 0.74 102.16 ± 2.30 101.35 ± 0.95 0.001

HbA1c as % 4.92 ± 0.04 4.98 ± 0.03 4.84 ± 0.08 5.04 ± 0.04 0.070

Triglyceride, mg/dL 110.16 ± 3.14 124.47 ± 2.39 190.99 ± 7.46 218.15 ± 4.59 < 0.0001

Total cholesterol,
mg/dL

182.54 ± 2.17 194.29 ± 1.39 192.34 ± 3.30 198.68 ± 1.69 < 0.0001

LDL-C, mg/dL 110.17 ± 1.92 120.04 ± 1.30 115.51 ± 3.28 118.31 ± 1.58 0.001

HDL-C, mg/dL 49.89 ± 0.83 49.93 ± 0.44 38.97 ± 1.0 39.03 ± 0.35 < 0.0001

Systolic blood
pressure, mmHg

100.50 ± 0.08 110.01 ± 0.05 110.82 ± 0.17 120.22 ± 0.07 < 0.0001

Diastolic blood
pressure in mmHg

60.79 ± 0.06 70.15 ± 0.04 70.96 ± 0.12 80.03 ± 0.05 < 0.0001

Physical activity ,
MET-hr/wk

19.73 ± 4.25 16.61 ± 3.03 26.63 ± 11.83 19.10 ± 3.11 0.742

Male as % 33.6 19.7 33.8 28.4 < 0.0001

Educational level as % 0.006

Illiterate 2.6 3.4 5.6 5.5

< 12 yr 38.4 48.1 42.3 50.3

= 12 yr 36.6 32.9 39.4 29.7

> 12 yr 22.4 15.6 12.7 14.5

Current smoker as % 16.8 6.9 13.0 11.2 0.073

1Values are mean ± SE unless otherwise indicated.
2By ANOVA or χ2 test. BMI: Body mass index; WC: Waist circumference; HC: Hip circumference; WHR: Waist to hip ratio; FBS: Fasting blood sugar; LDL:
Low density lipoprotein; HDL: High density lipoprotein; MET-h/Wk: Metabolic equivalent-hr/wk.

Table 2 shows the risk of prediabetes development across different metabolic/
obesity phenotypes. In the whole population, all three MUNW, MHO, MUO groups
were  at  higher  risk  for  developing prediabetes  compared to  the  MHNW group.
Although this association was marginally significant in the crude model (P = 0.058),
adjustment for potential confounders strengthened the associations (P = 0.022). In the
crude model, the MUNW group was at the greatest risk for developing prediabetes
compared to other groups (HR: 2.05, 95%CI: 1.05, 4.02), and this association became
stronger after adjustment for confounders (HR: 3.84, 95%CI: 1.20, 12.27).

In stratified analysis by sex (Table 2), a non-statistically significant increase was
observed in MUO men but attenuated after adjustment for potential confounders.
However, consistent with the whole population, the risk of incident prediabetes in
women was greater in the MHO, MUNW and MUO groups compared to the MHNW
group. The greatest risk was found in the MUNW group (HR: 6.74, 95%CI: 1.53, 29.66;
P  =  0.014).  When  participants  were  categorized  into  six  groups  (metabolically
healthy/unhealthy-normal weight/overweight/obese) and considering metabolically
healthy-normal  weight  group  as  the  reference,  the  greatest  risk  of  developing
prediabetes was observed in metabolically unhealthy-obese subjects in both the crude
(HR: 2.09, 95%CI: 1.30, 3.38) and adjusted models (HR: 2.16, 95%CI: 1.32, 3.53) (data
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Figure 1

Figure 1  Prevalence of metabolic/obesity phenotypes at baseline and end of study (A), body mass index status at baseline and end of study based on
baseline metabolic status (B), and prevalence of different metabolic/obesity phenotypes at the end of study based on baseline metabolic/obesity
phenotype (C). MHNW: Metabolically healthy normal weight; MHO: Metabolically obese; MUNW: Metabolically unhealthy normal weight; MUO: Metabolically
unhealthy obese; MH: Metabolically healthy; MU: Metabolically unhealthy.

not shown).
Table 3 shows the risk of developing prediabetes based on changing metabolic/

obesity phenotypes during the follow-up. Transforming from each phenotype at
baseline to MHNW or MHO was not significantly related to the risk of prediabetes
incidence, whereas transforming from each phenotype to MUO was significantly
associated  with  an  increased risk  of  prediabetes  compared with  stable  MHNW.
Although  there  was  no  significant  increment  in  the  risk  of  prediabetes  by
transforming from MHNW and MHO to MUNW, stable MUNW was associated with
a significantly higher risk for developing prediabetes (HR: 5.22, 95%CI: 1.53, 17.86; P <
0.0001).

DISCUSSION
In this prospective cohort study on the immediate family of patients with T2DM, we
found  that  MHO  was  the  most  prevalent  metabolic/obesity  phenotype  in  this
population. Although the risk of prediabetes increased in all individuals who were
MUNW, MHO and MUO at  baseline,  individuals  in  the  MUNW group had the
greatest  risk  compared  with  other  phenotypes.  Moreover,  transition  from  any
phenotype into MUO and stable MUNW were associated with significantly increased
risk of prediabetes by the end of follow-up. In the stratified analysis by sex, the effect
of metabolic/obesity phenotype on prediabetes incidence was significant in females
but not males and in line with the findings in the whole population, as the greatest
risk was found in MUNW category. In the whole population and women, metabolic
status was a strong predictor for prediabetes incidence rather than obesity status.

Thus far, several studies have examined the effect of metabolic/obesity phenotypes
on diabetes incidence. In a 6-yr follow-up study among Chinese, Wang et al[11] found
that MUNW, MHO and MUO were at increased risk for developing T2DM. They also
observed that transition from the MHO category at baseline into the MUO category at
the end of follow-up was associated with an increased risk of T2DM compared to
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Figure 2

Figure 2  Changing in the prevalence of overweight and obesity based on metabolic health change during the follow-up. A: Metabolically healthy at both
baseline and end; B: Metabolically healthy at baseline and metabolically unhealthy at the end; C: Metabolically unhealthy at baseline and metabolically healthy at the
end; and D: Metabolically unhealthy at both baseline and end. BMI: Body mass index.

stable  MHNW, but  not  compared to  stable  MHO. On the other  hand,  obesity  at
baseline, regardless of changes in metabolic status, increased the risk of incident
T2DM. Nevertheless, in MUNW, transformation to MHNW was not associated with
an increased risk of T2DM compared with stable MHNW[11].  Similar results were
found in  a  10-year  follow-up study  among Korean  subjects[10].  They  found that
MUNW and MUO were at higher risk for developing diabetes and cardiovascular
diseases  compared  to  MHNW  subjects,  whilst  the  association  in  MHO  was
statistically significant only in younger individuals.  Compared to stable MHNW,
those with persistent MHO had a higher risk of incident T2DM after ten years follow-
up[10]. In our earlier study, we found that regardless of BMI, metabolically unhealthy
subjects were more likely to develop T2DM. In spite of an increased risk of T2DM in
MHO, it was considerably lower than MUO, suggesting that metabolic abnormality is
a  more relevant  risk factor  for  developing T2DM than obesity[12].  This  finding is
consistent with results of the present study showing that metabolically unhealthy
subjects,  even those with normal weight,  are more likely to develop prediabetes
compared  to  metabolically  healthy  counterparts.  Further  analysis  according  to
changes in metabolic/obesity phenotypes also confirmed that metabolic health status
is  a  better  predictor of  prediabetes incidence than BMI status.  We observed that
transition from MUNW or MUO into metabolically healthy status,  regardless  of
changes in BMI, was not associated with an increased risk of prediabetes incidence.
However,  in  participants  with  baseline  metabolically  healthy  status,  risk  of
prediabetes only increased when they were affected by both metabolic abnormality
and obesity during the follow-up period.

The finding that MUNW subjects had the highest risk for prediabetes development
is in line with the results of the English Longitudinal Study of Ageing (ELSA)[13]. They
found that despite the increased risk of T2DM in MHO individuals, they are at lower
risk for T2DM compared to metabolically unhealthy subjects in any BMI category. For
example, the risk of developing T2DM in MHO was 8.6 times higher than MHNW
subjects whilst the corresponding value in MUNW subjects was 9.9 times higher[13]. In
an Iranian population-based cohort  study among the  elderly,  Mirbolouk et  al[23]

demonstrated that the MUNW phenotype was associated with the greatest risk of
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Figure 3

Figure 3  Kaplan-Meier curves. A: Kaplan-Meier curves comparing the estimated event-rate probability in metabolic healthy and unhealthy patients for prediabetes
incidence; B: Kaplan-Meier curves comparing the estimated event-rate probability in metabolically healthy normal weight, metabolically unhealthy normal weight,
metabolically unhealthy obese and metabolically unhealthy obese groups for prediabetes incidence. BMI: Body mass index.

developing cardiovascular disease (CVD), CVD mortality and all-causes mortality.
However, the incident risk of CVD in MUNW and MUO was similar[23]. Therefore,
greater attention should be paid to MUNW subjects, as they may be less targeted for
preventive interventions.

The reason for the greater risk of incident prediabetes among MUNW might be
attributed to an aspect of the participants’ body composition that was not measured.
It has been shown that dysfunctional adiposity but not general adiposity is associated
with an increased incidence of diabetes and prediabetes in obese adults[17]. Moreover,
in general,  normal weight diabetic subjects have greater abdominal and total  fat
compared to obese diabetic individuals, which adversely affect insulin sensitivity[24].
Sarcopenic obesity, a medical condition determined by low muscle mass accompanied
by high fat mass, frequently occurs in older ages[25] and is significantly correlated with
insulin resistance[26]. Therefore, BMI as an obesity index, which only consists of body
weight and height, cannot reflect fat distribution. It is possible that, MUNW in our
study population, who were older than other metabolic/obesity phenotypes, had
more fat but less muscle masses compared to other categories. However, WC as a
central adiposity measure was not greater in MUNW compared to MHO and MUO.
Therefore, abdominal fat distribution might not explain our findings per se. Given that
higher gluteofemoral fat mass is associated with lower risk of insulin resistance and
diabetes[27,28], it is possible that increased HC in MHO and MUO led to a lower risk of
incident prediabetes compared to MUNW.

Several studies have suggested that reductions in visceral fat mass increase insulin
sensitivity in MHO subjects, and consequently decrease diabetes risk[29]. However,
standard weight-reduction interventions may adversely affect appetite, mood and
energy expenditure[30]  without  any favorable  effect  on metabolic  status  in  MHO
subjects[31-33].  These changes may promote weight regain. Therefore, regarding the
relevance of favorable fat distribution in MHO, which is determined by lower visceral
fat and higher subcutaneous fat, interventions targeting fat-loss rather than weight-
loss might be more successful in reducing T2DM risk in MHO.

Although this  is  the first  longitudinal  study to predict  the risk of  prediabetes
incidence according to metabolic/obesity phenotypes, it has several limitations that
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Table 2  Multivariable-adjusted hazard ratios and 95% confidence intervals for prediabetes in the whole population and stratified by sex

Metabolically healthy
and normal weight

Metabolically healthy
and overweight or
obese

Metabolically
unhealthy and normal
weight

Metabolically
unhealthy and
overweight or obese

P value1

Whole population

Crude 1 1.38 (0.92, 2.05) 2.05 (1.05, 4.02) 1.67 (1.10, 2.52) 0.058

Model 1 1 1.43 (0.69, 2.94) 3.84 (1.20, 12.27) 2.50 (1.19, 5.25) 0.022

Male

Crude 1 1.06 (0.54, 2.08) 0.95 (0.30, 3.00) 1.39 (0.71, 2.73) 0.715

Model 1 1 0.94 (0.27, 3.27) 0.69 (0.08, 6.25) 1.10 (0.32, 3.75) 0.976

Female

Crude 1 1.74 (1.04, 2.93) 3.25 (1.39, 7.58) 2.0 (1.16, 3.44) 0.026

Model 1 1 1.67 (0.63, 4.49) 6.74 (1.53, 29.66) 3.45 (1.23, 9.68) 0.014

1By the Mantel–Haenszel extension χ2 test. Model 1: Adjusted for age, sex, physical activity and smoking.

must be kept in mind. The study population was not a representative sample of
Iranians, and therefore, our findings might not be generalizable to other populations
of Iranians.  Moreover,  we used BMI as an anthropometric measure to determine
obesity status, which does not consider fat distribution and does not differentiate
between fat mass and lean mass. Finally, our study population mainly consisted of
females, and therefore, the limited number of males may not allow us to identify true
associations.

The strengths of our study are long-term follow-up and enough incident predia-
betic cases that enhance the statistical power of analyses. To our knowledge, this is the
first study that evaluated the association of metabolic/obesity phenotype with the
development of prediabetes among Iranians. For diagnosing new cases of prediabetes,
HbA1c, oral glucose test tolerance and fasting blood sugar were available so that new
cases  were not  missed.  Moreover,  sex-specific  associations  were reported in  the
current analysis, and the confounding effects of various factors were controlled.

In conclusion, our study showed that MHO is not a high risk unless it progresses to
MUO. However, the MUNW group has the greatest risk for developing prediabetes,
and they should therefore be screened and treated. During the follow-up, changes to
the phenotype status were significantly related to the risk of prediabetes develop-
ment. In stratified analysis by sex, this association was evident among females but not
males.  Given that various metabolic/obesity phenotypes can increase the risk of
prediabetes incidence, developing appropriate guidelines to care for various meta-
bolic/obesity phenotypes to reduce prediabetes occurrence is necessary.
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Table 3  Multivariable-adjusted hazard ratios and 95% confidence intervals for prediabetes incidence based on changes in
metabolic/obesity phenotype at follow-up

Baseline metabolic/obesity phenotype Last metabolic/obesity phenotype HR (95%CI)

MHNW MHNW 1 (reference)

MHO 1.04 (0.40, 2.69)

MUNW 2.67 (0.96, 7.40)

MUO 5.87 (1.75, 19.66)

MHO MHNW 1.25 (0.40, 3.97)

MHO 1.10 (0.62, 1.95)

MUNW 1.63 (0.14, 19.00)

MUO 6.68 (3.56, 12.54)

MUNW MHNW 2.17 (0.55, 8.52)

MHO 0.65 (0.13, 3.24)

MUNW 5.22 (1.53, 17.86)

MUO 5.71 (1.51, 21.63)

MUO MHNW 1.63 (0.28, 9.61)

MHO 0.82 (0.41, 1.63)

MUNW 0.00 (0.0, 0.0)

MUO 3.98 (2.21, 7.15)

MHNW: Metabolically healthy normal weight;  MHO: Metabolically obese;  MUNW: Metabolically unhealthy normal weight;  MUO: Metabolically
unhealthy obese.

ARTICLE HIGHLIGHTS
Research background
The risk of developing prediabetes based on the metabolic/obesity phenotypes has been poorly
investigated.

Research motivation
Due to the potential association between various metabolic/obesity phenotypes and the risk of
prediabetes incidence, developing appropriate guidelines to care for various metabolic/obesity
phenotypes to reduce prediabetes occurrence is necessary.

Research objectives
This study aimed to (1) estimate the prevalence of different metabolic/obesity phenotypes in an
Iranian population and (2) determine the association of baseline metabolic/obesity phenotypes
and their interchanges during follow-up with the risk of prediabetes development in a pros-
pective cohort study.

Research methods
In a population-based cohort study, 1741 adults (aged > 19 years) with normal blood glucose
were  followed  for  14  years.  According  to  body  mass  index  and  metabolic  health  status,
participants were categorized into four groups: metabolically healthy normal weight (MHNW),
metabolically healthy obese (MHO), metabolically unhealthy normal weight (MUNW) and
metabolically  unhealthy obese  (MUO).  Multivariable  Cox regression analysis  was used to
measure the risk of prediabetes according to the baseline metabolic/obesity phenotype and their
changes during the follow-up.

Research results
In  the  whole  population,  all  three  MUNW,  MHO,  MUO  groups  were  at  higher  risk  for
developing prediabetes compared to MHNW. The MUNW group was at the greatest risk for
developing prediabetes (HR: 3.84). In stratified analysis by sex, no significant association was
found in men, while women in the MUNW group were at the greatest risk for prediabetes (HR:
6.74). Transforming from each phenotype to MHNW or MHO was not related to the risk of
prediabetes development, whereas transforming from each phenotype to MUO was associated
with an increased risk of prediabetes.

Research conclusions
Our findings indicate that  MHO is  not  a  high risk unless it  progresses to MUO. However,
individuals in the MUNW group have the greatest risk for developing prediabetes, and therefore
need to be screened and treated.

Research perspectives
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Given that various metabolic/obesity phenotypes can boost the risk of prediabetes incidence,
clinical trials need to be developed with appropriate guidelines to care for various metabolic/
obesity phenotypes to reduce prediabetes occurrence.
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