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Abstract

=0.025), respectively.

Background: Individuals with transition from metabolically healthy overweight/obese (MHO) to metabolically
unhealthy overweight/obese (MUO) phenotype are significantly predisposed to greater risks of cardiovascular events
compared to those with a persistent MHO phenotype. The aim of this study was to evaluate the predictive perfor-
mance of wrist circumference for this transition in adults over a 15.5-year follow-up.

Methods: We included 309 males and 821 females with the age of >18 years old, body mass index >25 kg/m?, and
metabolically healthy status according to the criteria of the Joint Interim Statement. The incidence of MUO pheno-
type was evaluated for each gender, across tertiles wrist circumference, using Cox-proportional hazard models.

Results: The overall rate of transition from MHO to MUO phenotype was 87.1% in males and 77.5% in females. The
hazard ratios (HRs) with 95% Cl across second and third tertiles of wrist circumference were 0.89 (0.64-1.24) and 1.31
(0.99-1.73) in men (P for trend =0.027); and 1.34 (1.09-1.66) and 1.61 (1.30-2.00) in women (P for trend <0.001), respec-
tively. After multivariable adjustment, HRs across second and third tertiles of wrist circumference were 0.92 (0.64-1.32)
and 1.18 (0.83-1.67) in males (p for trend =0.352), and 1.32 (1.05-1.65) and 1.34 (1.06-1.96) in females (p for trend

Conclusions: Wrist circumference significantly predicts the transition from MHO to MUO phenotype in adults of
both genders. However, it is an independent predictor of the transition only in females. Future studies are warranted
to clarify the role of wrist circumference mechanisms on metabolic risk deterioration.
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Introduction

The prevalence of obesity is rising worldwide [1]. Obe-
sity is regarded as an independent risk factor for a broad
spectrum of non-communicable and cardiovascular
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diseases (CVDs) and a leading but preventable cause
of reduced life expectancy and quality of life [2]. It is
well established that individuals in the same body mass
index (BMI) category can display substantial hetero-
geneity regarding typical metabolic disorders associ-
ated with obesity, and metabolically healthy overweight/
obese (MHO) phenotype is a description of a subgroup
of overweight or obese individuals with normal glu-
cose tolerance, blood pressure, lipid profile, and waist
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circumference. The prevalence of MHO not only is
strongly dependent on age, gender, and ethnic disparities
of different populations, but it also greatly varies accord-
ing to different definition criteria of metabolic health [3].
A 2017 meta-analysis estimated the overall prevalence of
MHO in obese individuals as 35%, ranging between 13%
and 86% [4].

Nevertheless, not all individuals with MHO pheno-
type follow the same natural history. An extensive body
of literature supports that MHO can be a transient con-
dition, and approximately 30 to 50% of individuals with
MHO have shown transition to metabolically unhealthy
overweight/obese (MUO) phenotype during 4 to 20
years of follow-up [5]. Compelling evidence supports
that in comparison with metabolically healthy normal
weight individuals, those with MHO phenotype are at an
increased risk of CVDs but only when they are followed
up for at least 10 years [6, 7]. Moreover, MHO individu-
als at transition to MUO are significantly predisposed to
greater risks of CVDs compared to those with persistent
MHO phenotype [8-10]. Although the inconsistency in
the prognosis of MHO phenotype could be explained by
short-term follow-up periods, such studies probably fail
to detect all individuals who had MUO transition.

Several anthropometric indices have been proposed as
predictors of obesity-related cardiometabolic complica-
tions. Wrist circumference is an inexpensive and easily
available measure of skeletal frame size and also a surro-
gate for estimating peripheral fat distribution. Wrist cir-
cumference has been shown to be associated with high
blood pressure, kidney dysfunction, low HDL, abdominal
obesity, MUO phenotype and cardiovascular risk in chil-
dren and adolescents [11-15]. It has also been suggested
to be positively associated with hypertension, insulin
resistance and diabetes mellitus, metabolic syndrome
and cardiovascular disease among the adult population
[16-21]. A recent meta-analysis of available evidence
indicated that greater wrist circumference was associ-
ated with increased incidence of metabolic syndrome in
adults, albeit with high between-studies heterogeneity
that was mainly related to gender [22].

No study has investigated the predictive performance
of wrist circumference for transition from MHO to MUO
phenotype. The aim of this study was to evaluate the
association between wrist circumference and the inci-
dence of MUO phenotype in a gender-stratified 15.5-year
follow-up study on Iranian adults with MHO.

Materials and methods

Study design and participants

Tehran Lipid and Glucose Study (TLGS) is an observa-
tional population-based ongoing cohort which com-
menced in February 1999, aiming to determine the risk
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factors of non-communicable diseases in a representa-
tive population of urban residents of Tehran, Iran. The
rationale and design of the TLGS have been published
elsewhere [23]. Recruitment of participants was con-
ducted by the multistage cluster random sampling tech-
nique from the urban district 13 of Tehran (phase I from
1999 to 2001 and phase II from 2002 to 2005). All par-
ticipants completed baseline interviews, anthropometric
examinations, and laboratory measurements. Follow-up
assessments were performed in subsequent surveys at
approximately 3.6-year intervals, as phase III (2006—
2008), phase IV (2009-2011), phase V (2012-2015), and
phase VI (2016-2018).

We initially included the baseline population from
phases I and II. From a total 12682 individuals aged >18
years, 2519 subjects with BMI >25 kg/m? met the crite-
ria of MHO phenotype. We then excluded 53 individuals
with histories of any cancer, 247 because of using sys-
temic corticosteroids, 106 for pregnancy at any follow-up
point, and 289 for loss to follow-up, leaving an ultimate
valid sample of 1130 for analysis.

This study was conducted in accordance with the 1964
Helsinki declaration and its later amendments, and all the
procedures involving study participants were approved
by the National Research Council of the Islamic Republic
of Iran (No. 121), the Human Research Review Commit-
tee of the Endocrine Research Center, Shahid Beheshti
University, Tehran, Iran. All participants provided writ-
ten informed consent.

Anthropometrics and biochemical measurements

Data of the TLGS program including interviews,
anthropometrics, and biochemical measurements were
recorded and collected by trained general practition-
ers. Information regarding histories of diabetes and car-
diovascular diseases, drug use, physical activity, smoking
habits, and educational level was obtained through pre-
tested interview questionnaires. Details on anthropo-
metric measurements including height, weight, waist
circumference (WC), and hip circumference are available
elsewhere [23]. For measuring wrist circumference, sub-
jects were asked to hold their wrist anterior surface using
a tape meter up to the nearest 0.1 cm. Without any pres-
sure, the superior border of the tape measure was placed
just distal to the prominence of radial and ulnar bones.
Information about physical activity was collected using
the Persian-translated forms of Lipid Research Clinic
(LRC) questionnaire in phase I [24]. Because the preci-
sion of the LRC was not reliable, we used the Modifiable
Activity Questionnaire (MAQ) which uses all types of
activity including leisure time, household and job activi-
ties, in the remaining follow-up examinations [23].
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Venous blood samples were obtained from all partici-
pants between 07:00 and 09:00 a.m. after 12 to 14 hours
of overnight fasting and analyzed on the same day of
sampling. Detailed laboratory protocols of TLGS have
been reported previously [23]. Plasma total cholesterol
(TC) and triglyceride (TG) levels were assayed using
enzymatic colorimetric methods with cholesterol ester-
ase/cholesterol oxidase and glycerol phosphate oxidase,
respectively. High-density lipoprotein (HDL) was meas-
ured after precipitating the apolipoprotein B containing
lipoproteins with phosphotungstic acid. Low-density
lipoprotein (LDL) was calculated using the Friedwald for-
mula. FPG and 2 h-PG were measured by an enzymatic
colorimetric method, using glucose oxidase technique.

Definitions

The participants were categorized by their smoking status
as: 1. smokers (currently using any tobacco product either
daily or occasionally) and 2. non-smokers (ex-smokers or
those who have never smoked). Since duration of physi-
cal activity was not included in the LRC, participants who
were registered in the study from the first examination of
TLGS, were considered to have high physical activity if
participating in robust physical activity for minimum of
3 days per week. Individuals who enrolled in the study at
the second phase of the TLGS, were considered to have
high physical activity if they achieved a minimum of at
least 600 MET (metabolic equivalent task)-minutes per
week [25]. BMI was calculated as weight (Kg) divided by
square of height (meter). Waist-to-hip ratio (WHR) was
calculated as WC divided by the hip circumference; and
waist-to-height ratio (WHtR) was calculated as WC (cm)
divided by height (cm).

Metabolic health components were defined using the
criteria proposed by the Joint Interim Statement (JIS)
[26] as follows: (1) FBS >100 mg/dl (5.6 mmol/l) or 2-h
blood glucose >140 mg/dl (7.8 mmol/l) or drug treat-
ment; (2) fasting TGs >150 mg/dl (1.7 mmol/]) or drug
treatment for dyslipidemia; (3) fasting HDL-C <50 mg/
dl (1.29 mmol/l) in women and <40 mg/dl (1.03 mmol/l)
in men or drug treatment; (4) systolic blood pressure
(SBP)> 130 mmHg, diastolic blood pressure (DBP)> 85
mmHg or antihypertensive drug treatment; and (5) WC
>89 c¢cm in men and >91 cm in women based on appro-
priate cutoff points of WC for predicting the incidence of
CVDs among Iranian men and women [27]. Participants
with BMI >25 kg/m?* were considered overweight/obese.
MHO phenotype was defined as being overweight/
obese with null or one of the JIS metabolic components,
and MUO phenotype was defined as being overweight/
obese subjects with two or more of the JIS metabolic
components.
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Statistical analysis

Baseline characteristics were expressed as mean =+ stand-
ard deviation for normally distributed variables, median
(interquartile 25-75% [IQ1-3]) for skewed variables, or
frequency (percentage) for categorical variables. Inter-
action between wrist circumference and gender at tran-
sition from MHO to MUO phenotype was tested by the
log-likelihood ratio test, and since we found a significant
interaction (P =0.037), the analyses were performed in
males and females, separately. Baseline comparisons
were performed across the tertiles of wrist circumfer-
ence using one-way analysis of variance (ANOVA) and
Mann—-Whitney U tests for continuous variables and the
Chi Square test for categorical variables. Survival time
was considered from the start of the follow-up period to
the date of first transition to MUO phenotype. The cen-
soring time of an individual was the time from entry into
the study to either the loss to follow-up point, death from
any cause, or the end of the study without having the
transition, whichever happened first. Kaplan-Meier sur-
vival curves were plotted to demonstrate MUO transition
within tertiles of wrist circumference. The Log-Rank test
was performed to assess the significance of trends across
tertiles of wrist circumference. Using Cox-proportional
hazards models, transition from MHO to MUO pheno-
type (expressed per 1000 person-years) was tested across
tertiles of wrist circumference, separately for each gender,
with and without adjustments for potential confound-
ers. Proportional hazards assumptions in the Cox model
were checked graphically using the Schoenfeld’s test of
residuals [28]; all proportionality assumptions were gen-
erally appropriate. Considering wrist circumference as
a continuous variable, acquired hazard ratios were also
assessed for each SD increment in wrist circumference,
separately for each gender. All calculations were per-
formed in SPSS software version 24.0 (SPSS Inc, Chicago,
IL, USA). A two-tailed P value of <0.05 was considered
as the statistical significance threshold.

Results

A total of 309 males and 821 females with MHO pheno-
type were included. The mean age of the total study pop-
ulation was 35.68 + 11.44 years, and males and females
were comparable for age. Comparison of baseline charac-
teristics between genders has been presented in Table 1.
At baseline, the ratio of smokers, SBP, and serum FPG
and triglycerides were higher, and serum HDL level was
lower in males compared to females while no significant
differences were seen regarding physical activity and
serum levels of TC and LDL between genders. The mean
age of males and females were similar at the time of tran-
sition from MHO to MUO phenotype. At this time, the
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Table 1 Comparison of characteristics between males and females at the study baseline and the time of transition from metabolically

healthy to metabolically unhealthy overweight/obese phenotype

Variables Baseline characteristics Characteristics at transition

Males Females Pvalue Males Females p-value

(n=309) (n=821) (n=269) (n=636)
Wrist circumference, cm 17.80£0.77 1589 £ 0.77 <0.001 18174086 1587 £1.02 <0.001
Age, years 3642 +12.58 3540 4+ 10.98 0.208 4350 £ 1267 4401 £11.20 0.572
Smokers, n (%) 73 (23.8) 22 (2.7) <0.001 48(17.8) 11(1.7) <0.001
Low physical activity, n (%) 210 (68.9) 518 (63.6) 0.098 156 (58.6) 469 (74.4) <0.001
SBP, mmHg 112,69 4+ 9.92 10947 £11.38 <0.001 11711+£13.20 112.54 £ 1491 <0.001
DBP, mmHg 7322+ 715 7321 +£814 0.987 76.90 + 898 7533 +£9.77 0.024
FPG, mg/dl 8847 +8.18 86.45 £ 10.01 0.002 94.35 £ 13.90 91.63 £ 13.66 0.006
2-h PG, mg/dl 9762 £ 31.64 10143 £ 2524 0.044 10241 4+ 39.56 11016 £ 3297 0.003
Triglycerides?, mg/d| 108.00 (86.00-133.00) 96.00 (75.00-121.00) <0.001  127.00 (91.00-167.00) 115.00 (85.00-160.00) 0.141
Total cholesterol, mg/dL 193.77 + 36.63 195.77 + 38.57 0431 188.00 + 33.36 195.90 + 36.68 0.002
HDL, mg/dL 4355+ 824 49.84 +11.85 <0.001 411641145 4738 £11.90 <0.001
LDL, mg/dL 128.03 +32.87 126.21 +33.71 0417 120.15 £ 29.51 12217 £31.96 0.382
Anti-hypertension drug therapy, n (%) 1 (0.3) 7(0.9) 0.334 7 (2.6) 27 (4.1) 0334
Anti-diabetes drug therapy, n (%) 1(0.3) 0(0) 0.103 2(0.7) 1101.7) 0.364
Anti-dyslipidemia drug therapy, n (%) 0 (0) 0(0) N/A 7(2.6) 44(7.7) 0.011
BMI, kg/m? 2714 +2.16 27.94 + 259 <0.001 2886+272 30.56 +3.25 0.001
BMI 25-29.9 kg/mz, n (%) 283(91.6) 683 (83.2) <0.001 203 (75.5) 330(51.9) <0.001
BMI'>30 kg/mz, n (%) 26 (84) 138 (16.8) 66 (24.5) 306 (48.1)
WC, cm 90.06 +7.58 84.36 £ 746 <0.001 99.19+£7.19 9544 +7.82 <0.001
Hip circumference, cm 99.10 £ 4.83 105.20 £ 6.30 <0.001 10279 £5.69 10717 £ 721 <0.001
WHR 091 £0.06 0.80 £ 0.06 <0.001 096 £ 0.05 0.89 £+ 0.07 <0.001
WHtR 053+ 005 0.56 +0.05 <0.001 058+ 0.04 061 +£0.05 <0.001

Categorical variables are represented as frequency (percent). Continuous variables are represented as mean + SD

SBP systolic blood pressure, DBP diastolic blood pressure, FPG fasting plasma glucose, 2-h PG 2-h post-challenge plasma glucose, HDL high-density lipoprotein, LDL
low-density lipoprotein, BMI body mass index, WC waist circumference, WHR waist-to-hip ratio, N/A not applicable

@ Triglycerides is reported as median (IQR 25-75)

prevalence of smoking, mean SBP, DBP and FPG were
higher, while the prevalence of low physical activity, and
mean serum levels of total cholesterol, HDL, 2-h PG were
lower in males compared to females. There was no signif-
icant difference regarding the prevalence of anti-hyper-
tension and anti-diabetes drug therapy at the time of
transition between genders, while anti-dyslipidemia drug
therapy was more prevalent among females compared
to males. At the study baseline and the time of transi-
tion, males had lower mean BMI, hip circumference and
WHtR, but higher WC, WHR, and wrist circumference
in comparison with females.

The baseline characteristics of male and female par-
ticipants across tertiles of wrist circumference have been
illustrated in Table 2. Age significantly increased across
the tertiles of wrist circumference in both genders. The
prevalence of smoking and low physical activity was not
associated with wrist circumference. Laboratory meas-
ures were not associated with increased wrist circum-
ference except for FPG and HDL in males and SBP in

females. On the other hand, mean weight, height, BMI,
WC, hip circumference, WHR and WHtR increased
across baseline wrist circumference tertiles in both males
and females.

Transition from MHO to MUO phenotype occurred at
the median of 2.5 (IQ: 1.6-4.3) and 3.2 (IQ: 1.8-5.1) years
of follow-up with the last transition at 8.8 and 9.2 years
in males and females, respectively. Mean ages of males
and females at the time of transition were 43.5 & 12.7 and
44.0 + 11.2 years, respectively. Figures 1 and 2 represent
gender-specific Kaplan-Meier curves for MHO to MUO
transition across the tertiles of wrist circumference.
Among males and females, the probability of maintaining
a MHO phenotype significantly decreased in a stepwise
fashion across wrist circumference tertiles (P for trend
=0.043 and <0.001, respectively).

Over a median of 15.5 (IQ1-3: 12.5-16.6) years of fol-
low-up, MUO phenotype was identified in 269 (87.1%)
males and 636 (77.5%) females. The rates of MHO to
MUO transition across subsequent wrist circumference
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Table 2 Baseline characteristics of males and females across tertiles of wrist circumference
Males Females
Variables Tertile 1 Tertile 2 Tertile 3 Pfortrend Tertile 1 Tertile 2 Tertile 3 P for trend
(<17.5cm) (17.5-18.0cm) (18.0cm<) (<15.5cm) (15.5-16.1cm) (16.1cm <)
Wrist circumfer- 1695 £ 0.40 1764 £0.14 18.48 £ 049 <0.001 1494 £ 043 15.76 £0.22 16.71 £048 <0.001
ence,cm
Age, years 3269 £ 943 3462+ 1154 40.02 £ 14.07 <0.001 3410+ 967 3424 +£10.73 3773 £11.77 <0.001
Smokers, n (%) 27 (28.4) 13(17.1) 33(24.3) 0.221 8(4.1) 10 (2.9) 4(14) 0.192
Low physical 66 (71.0) 53 (69.7) 91 (66.9) 0.794 119 (62.0) 225 (65.4) 174 (62.4) 0.642
activity, n (%)
SBP, mmHg 11124 +£1005 112.25+£9.88 11394 +£9.77 0114 10760 £ 11.00 1091941071 1111241221 0.003
DBP, mmHg 7317 £6.60 7213 +£6.97 73.87 £7.58 0.230 7218 £ 7.90 7350+ 8.37 7357 +£7.97 0.130
FPG, mg/dI 8757 £7.74 87.17 £6.20 89.82 £9.24 0.033 85.67 £6.99 86.12£7.02 87.39 £14.07 0.135
2-h PG, mg/dl 95.15 £ 25.60 97.13 £ 2454 99.60 + 38.24 0.594 99.78 £ 24.78 100.86 & 2391 10327 £27.05 0312
Triglycerides?, 114.00 (87.00- 112.00 (82.00- 103.00 (84.50- 0.103 92.00 (72.00- 95.00 (75.00- 98.50 (78.25- 0.329
mg/dl 142.00) 133.50) 129.50) 120.00) 121.00) 122.00)
Total choles- 19507 £3239 196.05+4133 19158+ 36.74 0.636 19150 £ 3691 19670+ 3996 19756+ 3786 0203
terol, mg/dL
HDL, mg/dL 4138 £9.09 43.84 +8.80 4489 4+ 6.95 0.005 4881 +£11.32 5032+£1218 4995+£11.78  0.360
LDL, mg/dL 13033+ 2739 12988+ 3787 12537 +3344 0453 1229543255 12683 4+£3504 12765£3275 0303
Weight. Kg 7413 £ 5.66 78.00 £ 6.33 8257 £9.17 <0.001 64.73 £5.50 67.90 £ 6.26 7293 +7.83 <0.001
Height, cm 167.96 £ 5.72 170.25 + 5.60 172.04 £ 6.56 <0.001 154.56 4+ 5.40 156.74 +£5.26 15898 + 6.14 <0.001
BMI, kg/m2 2626+ 1.15 2690 £ 161 27.89 £ 2.66 <0.001 2794177 2765 £ 232 28.88 £ 3.07 <0.001
WC, cm 86.54 £ 5.19 89.44 £ 556 92.86 £8.80 <0.001 81.68 £6.09 83.76 £ 6.69 86.96 + 838 <0.001
Hip circumfer-  96.93 £ 4.02 9897 + 3.54 100.68 4+ 5.37 <0.001 10349 £ 5.54 104.60 4 5.87 107.14 £ 6.81 <0.001
ence, cm
WHR 0.89 + 0.05 0.90 £ 0.05 092 £ 067 0.001 0.79 £ 0.06 0.80 £ 0.06 0.81+0.62 0.001
WH1R 0.51 +0.03 053+£004 0.54 £ 0.06 <0.001 0.53 £ 0.05 0.53 £ 0.05 0.55 £ 0.05 <0.001

Categorical variables are represented as frequency (percent). Continuous variables are represented as mean + SD

SBP systolic blood pressure, DBP diastolic blood pressure, FPG fasting plasma glucose, 2-h PG 2-h post-challenge plasma glucose, HDL high-density lipoprotein, LDL

low-density lipoprotein, BMI body mass index, WC waist circumference, WHR waist-to-hip ratio

2Triglycerides is reported as median (IQR 25-75)
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Fig. 1 Kaplan-Meier curves for transition from MHO to MUO phenotype across tertiles of wrist circumference in males
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Fig. 2 Kaplan-Meier curves for transition from MHO to MUO phenotype across tertiles of wrist circumference in females

tertiles were 86.3%, 81.82%, and 90.51% among males
and 69.7%, 76.66%, and 84.28% among females. Over
6,068.30 person-years of follow-up, the rate MHO to
MUO transition per 1000 person-years across the first,
second, and third tertiles of wrist circumference were
187.73 (151.19-233.10), 163.25 (127.53-208.98), and
245.25 (205.67-292.45) in males, and 101.16 (85.40-
119.82), 131.75 (116.83-148.57), and 169.00 (148.76-
192.00) in females, respectively.

As demonstrated in Tables 3 and 4, the hazard ratios
(HRs, with 95% CI) of transition to the MUO pheno-
type across the second and third tertiles of wrist cir-
cumference were 0.89 (0.64-1.24) and 1.31 (0.99-1.73)
in men (P for trend =0.027) and 1.34 (1.09-1.66) and
1.61 (1.30-2.00) in women (P for trend <0.001), respec-
tively. After multivariable adjustments, HRs across
the second and third tertiles of wrist circumference
were 0.92 (0.64-1.32) and 1.18 (0.83-1.67) in males (P
for trend =0.352) and 1.32 (1.05-1.65) and 1.34 (1.06-
1.96) in females (P for trend =0.025), respectively. In
males, age (HR: 1.28 [1.08-1.50], P-value: 0.004), FPG
(HR: 1.24 [1.03-1.48], P-value: 0.019), HDL (HR: 0.73
[0.61-0.88], P-value: 0.001) and BMI (HR: 1.36 [1.07-
1.73], P-value: 0.013) were independently associated
with transition from MHO to MUO transition; while in
females, apart from wrist circumference, age (HR: 1.38
[1.25-1.52], P-value: <0.001), FPG (HR: 1.14 [1.02-1.28],
P-value: 0.023), Triglycerides (HR: 1.18 [1.10-1.27],
P-value: <0.001), HDL (HR: 0.77 [0.70-0.84], P-value:
<0.001) and waist circumference (HR: 1.17 [1.05-1.31],
P-value: 0.005) were independently associated with the
risk of future MHO to MUO transition.

The unadjusted HRs of MHO to MUO transition for
each SD increment in wrist circumference (0.77 cm in
both genders) were 1.25 (1.04-1.51) in males and 1.27
(1.14-1.42) in females. The age- and multivariable-
(model 2) adjusted HRs of MHO to MUO transition for
each SD increment in wrist circumference were 1.15
(0.95-1.40) and 1.22 (0.96-1.56) in males and 1.21 (1.08-
1.35) and 1.13 (1.00-1.27) in females, respectively.

Discussion
This is the first study demonstrating a positive associa-
tion between increment in wrist circumference and the
risk of transition from MHO to MUO phenotype in adult
males and females. In our studied population; however,
wrist circumference was not an independent predictor
of MHO to MUO transition in males while each 0.77 cm
increase in wrist circumference was independently asso-
ciated with a 13% higher risk of the transition in females.
The MUO phenotype, defined as the coexistence of
several metabolic abnormalities and adiposity, has a com-
plex pathogenesis involving interactions among envi-
ronmental, behavioral, and genetic factors. Although
individuals with MHO have minimal metabolic abnor-
malities, potential factors can contribute to positive
energy balance, adipogenesis, abnormal body fat distri-
bution, and insulin resistance which play central roles
in the development of MUO. Nevertheless, there is lim-
ited data available regarding the major predictors of this
transition in MHO individuals. In a 10-year follow-up
of 85 Japanese Americans with MHO, female gender,
baseline HDL, fasting plasma insulin, and abdominal
visceral fat, but not BMI, WC, LDL, TG, and thigh and



Mousapour et al. BMC Public Health

(2021) 21:2276

Page 7 of 10

Table 3 Hazard ratios (HRs) and 95% confidence intervals (Cl) for transition from MHO to MUO phenotype based on tertiles of wrist

circumference in males

Unadjusted Age-adjusted Model 1 Model 2
HR (%95 ClI) P -value HR (%95 Cl) P -value HR (%95 Cl) P -value HR (%95 Cl) P -value

Wrist circumference

Tertile 1 (<17.5cm) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Tertile 2 (17.5-18.0 cm) 0.89 (0.64-1.24) 0489 0.86(0.62-1.20)0 0377 0.89(0.63-1.27) 0522 0.92(0.64-1.32) 0.661

Tertile 3 (>18.0 cm) 1.31(0.99-1.73)  0.060 1.16 (0.87-1.55) 0314 1.15 (0.84-1.59) 0372 1.18(0.83-167) 0352
P for trend 0.027 0.165 0.306 0.352
Age 1.26 (1.12-1.39) 0.001 1.24(1.07-1.43) 0.004 1.28 (1.08-1.50) 0.004
Smoking 1.07 (0.79-1.45) 0.667 1.08 (0.79-1.46) 0.634
Education level (below 1.18 (0.86-1.61) 0.308 1.18(0.86-1.61) 0313
diploma)
Low physical activity 1.16 (0.88-1.54) 0.293 1.13(0.85-1.50)  0.395
SBP 097 (0.82-1.14) 0.714 098(0.83-1.16)  0.799
DBP 1.09 (0.93-1.29) 0.294 1.08 (0.92-1.28) 0343
FPG 1.22 (1.02-1.46) 0.028 1.24(1.03-1.48) 0.019
2-h PG 1.03 (0.90-1.18) 0.670 1.01(0.88-1.16)  0.832
Triglycerides 1.09 (0.97-1.23) 0.153 1.10(0.97-1.24) 0.124
HDL 0.75 (0.63-0.90) 0.001 0.73(0.61-0.88) 0.001
Body mass index 1.36(1.07-1.73) 0.013
Waist circumference 0.85(0.66-1.08)  0.179
Hip circumference 091 (0.68-1.21) 0510

Hazard ratios for the continuous variables are reported per 1 standard deviation

SBP systolic blood pressure, DBP diastolic blood pressure, FPG fasting plasma glucose, 2-h PG 2-h post-challenge plasma glucose, HDL high-density lipoprotein, LDL

low-density lipoprotein

abdominal subcutaneous fat were independent risk fac-
tors of MHO to MUO transition [29]. Moreover, gender-
stratified 41-month follow-up of 2204 Korean adults with
MHO phenotype demonstrated that menopause was
an independent predictor of the metabolic transition in
females [30]. In these studies, daily energy and macronu-
trients intake, alcohol consumption, and physical activ-
ity were not determinants of transition from MHO to
MUO phenotype [29, 30]. Also, in a study with over 10
years of follow-up of metabolically healthy Tehranian
adults with abdominal obesity, low serum HDL, hyper-
triglyceridemia, and insulin resistance were independent
predictors of the transition to metabolically unhealthy
phenotype [31]. Moreover, many studies have dem-
onstrated associations between different genetic vari-
ants, cardiometabolic risk factors, and MUO phenotype
[32-34]. Interestingly, a recently published article dem-
onstrated that three genetic markers had contributing or
protective effects on the transition from MHO to MUO
phenotype, suggesting a gender-specific contribution for
some genetic variants in the cardiometabolic deteriora-
tion of MHO individuals [35].

Wrist circumference is considered as a unique fat dis-
tribution marker. Supporting the association between

adiposity and wrist circumference, a cross-sectional
study in Italy by Maddaloni et al. demonstrated that wrist
circumference was independently associated with vis-
ceral adiposity index and metabolic syndrome in Italian
overweight/obese adults of both genders, but not in those
with BMI <25 kg/m? [18]. Evidence shows that compared
to MUO, MHO is associated with more favorable proin-
flammatory and adipokine secretion profiles [5], which is
supported by the observations implying a greater risk of
cardiometabolic abnormalities in MUOQO individuals [36—
38]. However, scarce data exists on the proinflammatory
contribution of wrist adiposity in metabolic dysfunction.
In a recent cross-sectional study in Italy on 280 chil-
dren aged 7-18 years old, Luordi et al. showed that inde-
pendent of age and gender, wrist circumference had the
strongest negative correlation with adiponectin/leptin
ratio as compared to total and truncal fat mass measured
by dual-energy X-ray absorptiometry and was the only
index correlating with CVD risk score, suggesting wrist
circumference, and not total and truncal fat percentages,
as an independent predictor of metabolic disturbances
[14]. Similar to our observation among MHO adults,
Amini et al. in a study of 1709 diabetic patients showed
a significantly positive association of wrist circumference
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Table 4 Hazard ratios (HRs) and 95% confidence intervals (Cl) for transition from MHO to MUO phenotype based on tertiles of wrist

circumference in females

Unadjusted Age-adjusted Model 1 Model 2
HR (%95 ClI) P -value HR (%95 Cl) P -value HR (%95 Cl) P-value HR (%95 Cl) P -value

Wrist circumference

Tertile 1 (<15.5cm) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Tertile 2 (15.5-16.1 cm) 1.34 (1.09-1.66) 0.005 1.35(1.10-1.67) 0.004 1.33 (1.09-1.70) 0.007 1.32(1.05-1.65) 0.012

Tertile 3 (>16.1 cm) 1.61(1.30-2.00) <0.001 1.50(1.21-1.85) <0.001 1.46(1.16-1.84) 0.001 1.34(1.06-1.96) 0.016
P for trend <0.001 0.001 0.003 0.025
Age 1.43(1.31-1.56) <0.001 1.43(1.30-1.57) <0.001 1.38(1.25-1.52) <0.001
Smoking 1.17 (0.73-1.86) 0512 1.21(0.76-193) 0420
Education level (below 0.93 (0.72-1.20) 0.575 0.91(0.70-1.17) 0456
diploma)
Low physical activity 0.96 (0.81-1.14) 0.632 095 (0.70-1.13)  0.567
SBP 1.04 (0.94-1.05) 0412 1.06 (0.96-1.17) 0229
DBP 1.12(1.01-1.24) 0.038 1.11(0.99-1.23)  0.056
FPG 1.17 (1.04-1.30) 0.007 1.14(1.02-1.28) 0.023
2-h PG 1.13(0.92-1.10) 0.790 1.02(0.93-1.11)  0.735
Triglycerides 1.20(1.11-1.29) <0.001 1.18(1.10-1.27) <0.001
HDL 0.79 (0.72-0.87) <0.001 0.77(0.70-0.84) <0.001
Body mass index 1.02 (0.91-1.15)  0.691
Waist circumference 1.17 (1.05-1.31) 0.005
Hip circumference 098 (0.87-1.10)  0.715

Hazard ratios for the continuous variables are reported per 1 standard deviation

SBP systolic blood pressure, DBP diastolic blood pressure, FPG fasting plasma glucose, 2-h PG 2-h post-challenge plasma glucose, HDL high-density lipoprotein, LDL

low-density lipoprotein

with BMI and WC, but a significantly inverse with HDL
levels [39]. In our analysis, despite its significant corre-
lations with BMI, WC, and hip circumference, wrist cir-
cumference still remained a dominant predictor of MHO
to MUO transition independent of these surrogates for
adipose tissue dysfunction [40].

Wrist circumference has also been suggested to be an
easy and well-known index of skeletal frame size, and
also a good surrogate to assess bone metabolism in rela-
tion to hyperinsulinemia, since insulin-like growth factor
1 (IGF 1) levels are major determinants of bone geom-
etry. Capizzi et al. provided the first evidence showing
that the transversal wrist internal bone tissue area deter-
mined by nuclear magnetic resonance, but not wrist cir-
cumference, was associated with fasting plasma insulin
levels and insulin resistance in overweight/obese children
and adolescents, suggesting the area of the wrist bone,
and not wrist fat component as the main contributor to
the relationship between wrist circumference and insu-
lin resistance in children and adolescents [41]. How-
ever, considering the rapid skeletal growth in children
and adolescents, and the anabolic effects of insulin on
bone formation, by stimulating osteoblastic prolifera-
tion and inhibiting osteoclastic proliferation [42], these

cross-sectional findings may not be generalizable for the
adult population due to the cessation of skeletal growth
after puberty. Moreover, evidence shows that the skeleton
exerts an endocrine regulation by increasing production
of insulin and improving glucose tolerance, increas-
ing expression of adiponectin and reducing visceral fat
[43, 44]. Hence, the potential association between wrist
bone tissue and cardiometabolic deterioration in adults
remains an open question for future investigations.

We also observed that after controlling all traditional
cardiometabolic risk factors, increments in wrist cir-
cumference could still predict transition from MHO
to MUO phenotype in females but not in males. This
gender-disparity can be at least in part explained by the
greater proportion of lean tissue in males’ wrist, as the
same amount of fat deposition in females’ wrist causes a
greater increment in their wrist circumference compared
to males, and in other words, increasing wrist circumfer-
ence is more associated with progression of adiposity-
related metabolic effects in females. Nevertheless, this
hypothesis requires further confirmation by magnetic
resonance imaging studies. Furthermore, recent evidence
implies a negative association between body lean mass
and cardiovascular and metabolic diseases [45—-47], that
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can potentially dilute the association of wrist adiposity
with cardiometabolic deterioration in males. In support,
a 9-year follow-up of Tehranian general male popula-
tion demonstrated that, after adjustment for BMI or WC,
increment in wrist circumference had a negative associa-
tion with the incidence of cardiovascular events [48].

To the best of our knowledge, this is the first prospec-
tive study to assess the performance of wrist circumfer-
ence for predicting the natural history of MHO adults.
The population-based design and long term follow-up of
a well-defined representative cohort are other notewor-
thy strengths of our study. However, the study has some
limitations. First of all, we used the information collected
only once at the study baseline and therefore did not
apply possible changes in potential risk factors through-
out the follow-up. Second, the LRC questionnaire used
for collecting physical activity data in phasel has not
been validated in Iran. Third, due to unavailability of data
for some participants, we did not include insulin resist-
ance, as well as nutritional and socioeconomic status in
our analysis. Another limitation is low number of male
participants, which may decrease the statistical power.
Last but not least, we did not validate the amount of dif-
ferent wrist components using gold-standard imaging
modalities.

Conclusions

In a long-term follow-up of a representative sample of
Tehranian adult population, we observed that a relatively
high proportion of MHO individuals progressed to MUO
phenotype within about 10 years. This study found that
wrist circumference significantly predicted MHO to
MUO transition in adult males and females; however, it
remained an independent predictor of the transition only
in females. Wrist circumference could be considered as
a novel and effortless anthropometric screening tool for
predicting MHO to MUO transition in adults.
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