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ABSTRACT
OBJECTIVE
To quantify the association of indices of central 
obesity, including waist circumference, hip 
circumference, thigh circumference, waist-to-hip 
ratio, waist-to-height ratio, waist-to-thigh ratio, body 
adiposity index, and A body shape index, with the risk 
of all cause mortality in the general population, and to 
clarify the shape of the dose-response relations.
DESIGN
Systematic review and meta-analysis.
DATA SOURCES
PubMed and Scopus from inception to July 2019, and 
the reference lists of all related articles and reviews.
ELIGIBILITY CRITERIA FOR SELECTING STUDIES
Prospective cohort studies reporting the risk estimates 
of all cause mortality across at least three categories 
of indices of central fatness. Studies that reported 
continuous estimation of the associations were also 
included.
DATA SYNTHESIS
A random effects dose-response meta-analysis was 
conducted to assess linear trend estimations. A one 
stage linear mixed effects meta-analysis was used for 
estimating dose-response curves.
RESULTS
Of 98 745 studies screened, 1950 full texts were fully 
reviewed for eligibility. The final analyses consisted 
of 72 prospective cohort studies with 2 528 297 
participants. The summary hazard ratios were as 

follows: waist circumference (10 cm, 3.94 inch 
increase): 1.11 (95% confidence interval 1.08 to 
1.13, I2=88%, n=50); hip circumference (10 cm, 3.94 
inch increase): 0.90 (0.81 to 0.99, I2=95%, n=9); 
thigh circumference (5 cm, 1.97 inch increase): 0.82 
(0.75 to 0.89, I2=54%, n=3); waist-to-hip ratio (0.1 
unit increase): 1.20 (1.15 to 1.25, I2=90%, n=31); 
waist-to-height ratio (0.1 unit increase): 1.24 (1.12 
to 1.36, I2=94%, n=11); waist-to-thigh ratio (0.1 unit 
increase): 1.21 (1.03 to 1.39, I2=97%, n=2); body 
adiposity index (10% increase): 1.17 (1.00 to 1.33, 
I2=75%, n=4); and A body shape index (0.005 unit 
increase): 1.15 (1.10 to 1.20, I2=87%, n=9). Positive 
associations persisted after accounting for body 
mass index. A nearly J shaped association was found 
between waist circumference and waist-to-height ratio 
and the risk of all cause mortality in men and women. 
A positive monotonic association was observed 
for waist-to-hip ratio and A body shape index. The 
association was U shaped for body adiposity index.
CONCLUSIONS
Indices of central fatness including waist circumference, 
waist-to-hip ratio, waist-to-height ratio, waist-
to-thigh ratio, body adiposity index, and A body 
shape index, independent of overall adiposity, were 
positively and significantly associated with a higher 
all cause mortality risk. Larger hip circumference and 
thigh circumference were associated with a lower 
risk. The results suggest that measures of central 
adiposity could be used with body mass index as 
a supplementary approach to determine the risk of 
premature death.

Introduction
Two recent comprehensive meta-analyses assessed 
the association of general adiposity, represented by 
body mass index, with the risk of all cause mortality in 
the general population.1 2 The authors included more 
than 200 prospective cohort studies and the results 
indicated that a U shaped and a J shaped association 
existed between body mass index and the risk of all 
cause mortality in the general population and healthy 
never smokers, respectively. The lowest risk was 
observed for a body mass index of 22-23 in healthy 
never smokers. Body mass index is easy to obtain and 
so is the most frequent anthropometric measure used 
to investigate obesity-mortality and obesity-morbidity 
associations.

The validity of body mass index as an appropriate 
indicator of obesity has been questioned.3 Research 
suggests that body mass index does not differentiate 
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WHAT IS ALREADY KNOWN ON THIS TOPIC
Existing evidence suggests that central fatness might be more strongly 
associated with the risk of mortality than overall obesity, however the results 
have not been quantitatively gathered
Several large scale prospective cohort studies have suggested a positive 
linear or J shaped association between indices of central fatness with all cause 
mortality risk
Systematic reviews and meta-analyses assessing the dose-response association 
between indices of central fatness and all cause mortality risk are lacking

WHAT THIS STUDY ADDS
Central fatness, reflected by large waist circumference, waist-to-hip ratio, and 
waist-to-height ratio, independent of overall adiposity, was associated with a 
higher risk of all cause mortality
The results suggest a nearly J shaped association between waist circumference 
and risk of all cause mortality
Larger hip circumference and thigh circumference were associated with a lower 
risk of all cause mortality
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between lean body mass and fat mass; therefore, 
when using body mass index as a measure, inaccurate 
assessment of adiposity could occur.4 Additionally, 
the most important limitation of body mass index is 
that it does not reflect regional body fat distribution. 
Existing evidence suggests that central obesity 
and abdominal deposition of fat is more strongly 
associated with cardiometabolic risk factors5 6 
and chronic disease risk7-10 than overall obesity. 
Furthermore, most studies, especially large scale 
cohort studies, that have assessed the association of 
body mass index with the risk of mortality have used 
self-report height and weight to calculate body mass 
index.1 Participants tend to under report their weight 
and over report their height, which could result in 
inaccurate assessment of adiposity.11 In contrast, 
most studies assessing the association of central 
fatness with the risk of chronic disease used measured  
anthropometry.

Taking this evidence into account, indices of central 
obesity might be more accurate than body mass index 
when estimating adiposity, and therefore could be 
more closely and strongly associated with the risk of 
mortality. Despite the evidence, systematic reviews 
and meta-analyses are lacking that comprehensively 
assess the association of indices of central fatness 
with the risk of all cause mortality in the general 
population. Only a few meta-analyses of prospective 
cohort studies have assessed the association of 
indices of central adiposity with all cause mortality 
risk12-14; however, they have important limitations. 
For example, they were performed in older popula-
tions,13 they did not perform non-linear dose-
response analyses,14 or they did not include most 
of the evidence.12 Another pooled analysis of 11 
prospective cohort studies assessed the association 
of waist circumference with the risk of all cause 
mortality,15 but they only included studies from 
Western countries.

We aimed to perform a systematic review and 
dose-response meta-analysis of prospective cohort 
studies to investigate the association of indices of 
central fatness with the risk of all cause mortality 
in the general population, in never smokers, and in 
healthy never smokers. The indices of central fatness 
were waist circumference, hip circumference, thigh 
circumference, waist-to-hip ratio, waist-to-height 
ratio, waist-to-thigh ratio, body adiposity index, and 
A body shape index. Whenever possible, we clarified 
the shape of the dose-response relations. Additionally, 
we performed a meta-analysis to compare the risk of 
all cause mortality associated with a one standard 
deviation increment across different measures of 
central fatness.

Methods
We used the PRISMA (preferred reporting items for 
systematic reviews and meta-analyses) statement as 
guidance for reporting this systematic review.16 We 
also followed the 12 item PRISMA extension when 
writing the abstract.17

Search strategy
We combined keywords relevant to general and central 
obesity, mortality, and study design to find potentially 
relevant studies (table S1 in appendix 1). We searched 
PubMed and Scopus databases from inception to July 
2019, followed by a hand search of the reference 
lists of related articles and reviews. We restricted our 
systematic search to articles published in English.

Eligibility and study selection
Two authors (AJ and MSZ) reviewed the title and 
abstract of all articles obtained. They selected 
potentially eligible studies that were conducted in 
the general population (aged >18 years and older); 
had a prospective observational design; considered 
self-reported or measured anthropometric indices as 
exposure and in at least three quantitative categories; 
considered all cause mortality as the outcome of 
interest; reported adjusted effect sizes across categories 
of exposures; and provided the numbers of participants 
or person years and events across categories of 
exposures. All cause mortality was defined as death by 
any cause, including non-communicable diseases such 
as cardiovascular disease, site specific cancers, type 2 
diabetes, and respiratory disease, communicable and 
infectious diseases, and any other cause of death.

We also included studies that reported continuous 
estimation of the associations. For duplicate publica-
tions, those with the largest number of participants 
were included. However, when different publications 
from the same study reported effect sizes as categorical 
and continuous, the study with the categorical model 
was selected for inclusion in both linear and non-linear 
dose-response analyses. Some study publications 
reported effect sizes as categorical but the exact amount 
of the standard deviation was not reported in the text, 
while other publications from the same study reported 
the direct effect size for a one standard deviation 
increment in anthropometric measures. For these 
studies, the publication with the categorical model 
was included in dose-response analyses and another 
publication that reported the direct effect size for a 
one standard deviation increment was included in the 
standard deviation analysis. We excluded retrospective 
studies, studies in populations with diseases, studies 
of older people living in institutions, and studies with 
populations aged 85 years and older.

Data extraction and assessment for study quality
One author (MSZ) extracted data from each primary 
prospective cohort study by using prespecified data 
extraction forms. The first author (AJ) checked the 
data extracted from each study to ensure that all data 
were extracted correctly. The information extracted 
from eligible studies was the first author’s name, 
publication year, study name, location, age range or 
mean age (years), sex, number of participants, follow-
up duration, anthropometric assessment method, and 
confounding factors in the multivariable analysis. All 
meta-analyses were conducted by using the maximally 
adjusted effect sizes reported in primary studies. 
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However, for studies that controlled for intermediate 
variables, such as blood pressure or hypertension, 
lipid profile, and diabetes in their maximally 
adjusted model, the alternative model without these 
intermediate variables was selected and included in 
the meta-analyses.1 15 If the alternative model was 
age adjusted only, the multivariable model covering 
intermediate variables was selected. When studies 
reported effect sizes with and without controlling 
for body mass index, we included the model with 
adjustment for body mass index in the main analyses. 
However, we performed subgroup analyses on the 
basis of adjustment for body mass index. When studies 
had insufficient data, we contacted the authors twice, 
with a two week interval, but only one study author 
provided the requested data. We used the Newcastle-
Ottawa scale to assess the quality of the studies 
included in the meta-analyses.18 Any discrepancies 
were resolved through discussion to reach consensus.

Data synthesis and statistical analysis
We performed random effects meta-analyses19 to 
calculate summary hazard ratios and 95% confidence 
intervals for a 10 cm (3.94 inch) increment in waist 
circumference and hip circumference; a 5 cm (1.97 
inch) increase in thigh circumference; a 0.1 unit 
increment in waist-to-hip ratio, waist-to-thigh ratio, 
and waist-to-height ratio; a 10% increment in body 
adiposity index; and a 0.005 unit increment in A body 
shape index. The reported relative risks were considered 
equal to hazard ratios.20 We used the generalised 
least squares trend estimation method, introduced 
by Greenland and colleagues,21 22 to measure the 
linear dose-response relations. This method needs 
distribution of events and participants or person 
years and adjusted risk estimates across categories of 
anthropometric measures. The median point in each 
category was assigned to the corresponding hazard 
ratio. When studies did not report the direct median 
of each category, we estimated approximate medians 
by using the midpoint of the lower and upper bounds. 
We assumed that open ended categories had the 
same interval as the adjunct category. For studies that 
did not report the numbers of participants or person 
years in each category, we estimated these values by 
dividing the total number of participants or person 
years by the number of categories if the exposures 
were defined as quantiles.23 24 When studies reported 
separate effect sizes across sex or other subgroups, we 
pooled the subgroup specific estimates by using a fixed 
effects model and used the pooled effect size for meta-
analysis. For studies that did not consider the lowest 
category as the reference, we excluded the categories 
below the reference category to measure the linear 
dose-response relations.1

Two studies reported continuous estimation of the 
associations, but the hazard ratios and 95% confidence 
intervals across categories of exposures were shown 
in figures only. Therefore, we estimated hazard ratios 
and 95% confidence intervals by using a web plot 
digitiser.25 We tested the accuracy of the results by 

calculating hazard ratios and 95% confidence intervals 
for a one standard deviation increment in exposures. 
We used data obtained by software and compared them 
with the direct continuous estimation reported in the 
text, which indicated close results (hazard ratio 1.22 
obtained by estimation compared with 1.24 reported 
in the text). We evaluated the potential influence 
of each study on the summary hazard ratios by re-
estimating the hazard ratios after excluding one study 
at a time. We performed subgroup analyses by sex, 
geographical location, anthropometric assessment 
method, follow-up duration, number of participants, 
study quality, adjustment for main confounders 
(physical activity, smoking, body mass index, and 
alcohol intake) and intermediates (blood pressure, 
serum cholesterol, and type 2 diabetes). We controlled 
for smoking status and pre-existing diseases by 
performing additional sensitivity analyses. Analyses 
were restricted to never smokers, healthy participants, 
and healthy never smokers, whenever possible. 
Analyses of healthy participants included studies 
that excluded participants with a history of cancer 
and cardiovascular disease at baseline. We evaluated 
between study heterogeneity by using the I2 statistic 
and Cochran’s Q test of heterogeneity.26 Publication 
bias was assessed with Egger’s asymmetry test27 and 
Begg’s test28 if sufficient studies existed (n≥10).29

We also tested for a non-linear dose-response 
association. We modelled the exposures by using 
restricted cubic splines with three knots according to 
Harrell’s recommended percentiles (10%, 50%, and 
90%)30 of the distribution. The correlation within 
each category of published hazard ratios was taken 
into account and the study specific estimates were 
combined by using a one stage linear mixed effects 
meta-analysis.31 This method estimates the study 
specific slope lines and combines them to obtain an 
overall average slope32 33 in a single stage, and is a 
more precise, flexible, and efficient method than the 
traditional two stage method.31

Some studies did not consider the lowest category 
as the reference, therefore we recalculated effect sizes 
by assuming the lowest category as the reference34; all 
categories of exposure in the non-linear dose-response 
meta-analyses were included and the associations 
across the entire exposure ranges were modelled.1 
Similar to the linear trend estimation, we performed 
sensitivity analyses by restricting the analyses to never 
smokers, healthy never smokers, and to studies that 
controlled for body mass index in their multivariable 
analyses. Additionally, we performed separate non-
linear dose-response analyses on the basis of follow-
up duration to better control for pre-existing diseases. 
Participants with pre-existing diseases are more likely 
to experience death in the early years of follow-up, 
and so the proportion of deaths caused by pre-existing 
diseases, and the confounding effects of pre-existing 
diseases, decline with the increase in follow-up 
duration. Therefore, studies with long term follow-up 
durations might present a more accurate estimation of 
the associations.
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We compared the associations across different 
measures of central obesity by conducting an 
additional analysis to quantify the associations for a 
one standard deviation increment in anthropometric 
measures. We estimated hazard ratios for a one 
standard deviation increment in measures in each 
study, and then pooled hazard ratios by using a random 
effects model. When studies reported direct effect sizes 
for a one standard deviation increment in exposures, 
we included the hazard ratios in the meta-analysis as 
reported. For studies that reported the hazard ratio 
per specific amount of increase in anthropometric 
measures, we exponentiated the log (hazard ratio) 
times the study specific standard deviation of the 
anthropometric measure to obtain the hazard ratio 
for an increment of one standard deviation in the 
level of the anthropometric measures. When studies 
grouped the exposure in quantiles, we estimated the 
hazard ratios for a one standard deviation increment 
by using the methods developed by Greenland and 
colleagues.21 All analyses were conducted with Stata 
software, version 15 (Stata Corp, College Station, TX).

Patient and public involvement
No patients were involved in setting the research 
question or the outcome measures, nor were 
they involved in developing plans for design, or 
implementation of the study. No patients were asked to 
advise on interpretation or writing up of results. There 
was a meta-analysis skill level that could not be easily 
learned by a member of the public with basic research 
training.

Results
We found 110 199 publications through database 
searching plus four publications through hand 
searching, of which 11 458 records were duplicates. 
We reviewed titles and abstracts of all remain-
ing publications and another 96 795 publications 
were excluded, yielding 1950 studies for full text 
assessment (fig S1 in appendix 1). Of these studies, 
70 publications provided sufficient information for the 
meta-analysis. Two publications reported the results 
of the two separate cohort studies and were regarded 
as two separate studies.35 36 Ultimately, 72 prospective 
cohort studies with 2 528 297 participants and 
150 164 events were included in final analyses.35-104 
Thirty studies were from Europe, 22 studies were 
from the United States, 16 studies were from Asia, 
two studies were from Canada, one from Brazil, and 
one from Tobago in South America. Twelve studies 
included only men, 12 studies included only women, 
and another 48 studies included both sexes. Follow-up 
durations were between 3 and 24 years. Seven studies 
used self-reported anthropometric measures and 65 
studies measured anthropometric indices.

Three different publications from the third National 
Health and Nutrition Examination Survey were 
included in the analyses of waist-to-height ratio,59 
thigh circumference,102 and waist circumference, 
waist-to-hip ratio, and waist-to-thigh ratio.86 Another 

publication from this study that reported direct 
estimations for one standard deviation increment in 
anthropometric measures was included in the analyses 
of standard deviations.63 Four different publications 
from the Danish MONICA study were included in the 
analyses of hip circumference (women only),71 hip 
circumference (men only),57 thigh circumference,56 
and waist circumference.66 Two separate publications 
from the Danish diet, cancer and health study were 
included in the analyses of waist circumference41 and 
hip circumference.42 Fifty studies were included in the 
analysis of waist circumference, nine studies in the 
analysis of hip circumference, and three in the analysis 
of thigh circumference; 31, 11, 2, 4, and 9 studies were 
included in the analyses of waist-to-hip ratio, waist-to-
height ratio, waist-to-thigh ratio, body adiposity index, 
and A body shape index, respectively.

We summarise general characteristics of the studies 
included in the present meta-analysis in table S2 
(appendix 1). Table S3 (appendix 1) presents the 
reported effect sizes across categories of each exposure 
in the primary studies, and table S4 gives the qualities 
of studies assessed by the Newcastle-Ottawa scale.

Waist circumference
The systematic search identified 50 eligible cohort 
studies with 128 842 all cause mortality events 
among 2 056 428 participants for the relation of  
waist circumference and the risk of all cause 
mortality.37-44 46-54 58 60-62 65-68 73 74 77 78 80-97 100 101 103 104 
The pooled analysis indicated that each 10 cm (3.94 
inch) increment in waist circumference was associa- 
ted with an 11% higher risk of all cause mortality: 
hazard ratio 1.11 (95% confidence interval 
1.08 to 1.13), with high heterogeneity (I2=88%, 
Pheterogeneity<0.001; fig 1, table 1). The summary hazard 
ratio remained unchanged when each study was 
sequentially removed from the main analysis. The 
hazard ratios were 1.08 (1.04 to 1.13; I2=87%, n=27) 
and 1.12 (1.09 to 1.16, I2=85%, n=30) in men and 
women, respectively.

In the subgroup analyses, a trend was found towards 
a higher risk with increasing follow-up duration and 
number of events (table 1). The association was 
significant when we controlled for smoking status, 
physical activity, and alcohol consumption, and 
strengthened when we controlled for body mass 
index: hazard ratio 1.17 (1.13 to 1.22, I2=86%, n=15). 
The association was not significant in participants 
older than 60 years: hazard ratio 1.03 (0.98 to 1.08, 
I2=81%, n=14). Follow-up duration, study quality, 
and adjustment for smoking could be sources of 
heterogeneity. No evidence was found of publication 
bias with Egger’s test (P=1.00) and Begg’s test (P=0.58; 
fig S2 in appendix 1).

Fourteen studies with 45 783 events among 731 954 
healthy participants28 38 40 52 61 62 65 66 67 82 83 90 97 103 
reported sufficient data for the analyses of healthy 
participants. Eight studies with 27 377 events among 
285 874 never smokers39 43 51 67 92 97 99 103 and five 
studies with 26 210 events among 276 409 healthy 
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Fig 1 | Summary hazard ratio of all cause mortality for a 10 cm increment in waist circumference 
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Table 1 | Subgroup analyses of waist circumference (10 cm increase) and risk of all cause mortality
Characteristics n Hazard ratio (95% CI) I2 (%), Phetrogeneity
All studies 50 1.11 (1.08 to 1.13) 88, <0.001
Sex
Men 27 1.08 (1.04 to 1.13) 87, <0.001
Women 30 1.12 (1.09 to 1.16) 85, <0.001
Healthy participants
All 14 1.15 (1.10 to 1.20) 91, <0.001
Men 8 1.16 (1.07 to 1.24) 91, <0.001
Women 12 1.13 (1.09 to 1.18) 87, <0.001
Never smokers
All 8 1.10 (1.05 to 1.14) 68, 0.003
Men 3 1.06 (0.94 to 1.18) 52, 0.13
Women 6 1.12 (1.07 to 1.17) 67, 0.009
Healthy never smokers
All 5 1.12 (1.07 to 1.17) 71, 0.008
Men 2 1.04 (0.93 to 1.16) 64, 0.10
Women 5 1.13 (1.09 to 1.18) 50, 0.09
Geographical region
US 18 1.11 (1.08 to 1.15) 86, <0.001
Europe 17 1.15 (1.09 to 1.21) 91, <0.001
Asia 13 1.06 (1.01 to 1.12) 85, <0.001
South America 2 1.00 (0.91 to 1.09) 0, 0.94
Follow-up duration (years)
<5 7 1.06 (0.99 to 1.12) 63, <0.001
5-10 25 1.13 (1.08 to 1.17) 90, <0.001
10-15 14 1.07 (1.04 to 1.11) 78, <0.001
15-20 3 1.28 (1.20 to 1.36) 48, 0.14
>20 1 1.02 (0.98 to 1.07) —
Anthropometric assessment
Measured 44 1.10 (1.07 to 1.13) 86, <0.001
Self-reported 6 1.17 (1.10 to 1.23) 92, <0.001
No of events
<500 16 1.05 (1.00 to 1.10) 56, 0.003
500-1000 13 1.13 (1.09 to 1.18) 60, <0.001
1000-2000 7 1.08 (1.00 to 1.16) 88, 0.002
>2000 14 1.14 (1.09 to 1.18) 88, >0.001
Population body mass index
<25 4 1.19 (1.00 to 1.37) 92, <0.001
≥25 4 1.33 (1.17 to 1.49) 84, <0.001
Study quality (stars)
0–3 - - -
4–6 5 1.03 (0.99 to 1.08) 7, 0.37
7–9 45 1.12 (1.09 to 1.15) 89, <0.001
Adjustment for confounders
Body mass index
 Yes 15 1.17 (1.13 to 1.22) 86, <0.001
 No 35 1.08 (1.05 to 1.10) 78, <0.001
Physical activity
 Yes 29 1.16 (1.13 to 1.19) 86, <0.001
 No 21 1.04 (1.00 to 1.07) 67, <0.001
Smoking status
 Yes 43 1.11 (1.08 to 1.14) 90, <0.001
 No 7 1.09 (1.06 to 1.12) 0, 0.90
Alcohol drinking
 Yes 31 1.13 (1.10 to 1.17) 92, <0.001
 No 19 1.06 (1.03 to 1.09) 57, 0.001
Body mass index, physical activity, smoking status, and alcohol drinking
 Yes 11 1.19 (1.14 to 1.24) 90, <0.001
 No 39 1.08 (1.05 to 1.11) 77, <0.001
Adjustment for intermediates
Blood pressure
 Yes 10 1.08 (1.02 to 1.13) 75, <0.001
 No 40 1.11 (1.08 to 1.15) 90, <0.001
Serum cholesterol
 Yes 9 1.06 (1.01 to 1.10) 87, 0.002
 No 41 1.12 (1.09 to 1.15) 89, <0.001
Type 2 diabetes
 Yes 7 1.07 (1.01 to 1.14) 77, <0.001
 No 43 1.11 (1.08 to 1.14) 89, <0.001
Blood pressure, serum cholesterol, and type 2 diabetes
 Yes 6 1.06 (0.99 to 1.13) 77, 0.001
 No 44 1.11 (1.08 to 1.14) 89, <0.001
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never smokers43 67 92 97 103 also reported sufficient 
data for the analyses of never smokers and healthy 
never smokers, respectively. Changes were weak in 
comparison to the main analysis, expect for men in 
whom the associations became non-significant in 
never smokers and healthy never smokers (table 1).

Thirty two studies reported sufficient data for the 
non-linear dose-response analyses.37 38 40 43 47- 49 52-54 

58 60 61 66-68 73 74 81-84 86-88 91 92 96 97 99 100 103 The analysis 
of women indicated a J shaped association. The 
risk of all cause mortality did not change for a waist 
circumference of 60-80 cm (hazard ratio80cm 1.01, 95% 
confidence interval 0.99 to 1.03) and then increased 
sharply and linearly (Pnon-linearity<0.001, n=23; fig 2). The 
results for healthy women (Pnon-linearity<0.001, n=10), 
studies that controlled for body mass index (Pnon-

linearity=0.002, n=7), studies with more than 10 years of 
follow-up (Pnon-linearity<0.001, n=10), women who were 
never smokers (Pnon-linearity<0.001, n=6), and healthy 
women who were never smokers (Pnon-linearity<0.001, 
n=5) are presented in figure 2. The results for men are 

presented in figure 3. The analysis of men indicated a 
J shaped relation with the risk of all cause mortality, 
which was lowest at a waist circumference of 90 cm 
(hazard ratio90cm 0.96, 95% confidence interval 0.94 
to 0.98), and then increased sharply and linearly (Pnon-

linearity<0.001, n=16; fig 3).

Waist-to-hip ratio
Thirty one cohort studies (30 publications) with 
1 112 816 participants and 75 183 all cause mortality 
events were considered eligible for the analysis of 
waist-to-hip ratio and the risk of all cause mortality.35 

38 45 47 48 50 52 58 64 65 70 72 74 75 78 82 83 84 86 87 89 91 92 94 95 97 98 

100 101 103 Every 0.1 unit increment in waist-to-hip ratio 
was associated with a 20% higher risk: hazard ratio 
1.20 (95% confidence interval 1.15 to 1.25, I2=90%, 
n=31; fig 4). The hazard ratio did not change when 
we excluded each study one at a time. The association 
was stronger in women than in men (1.121 v 1.16), 
and became stronger with increasing follow-up 
duration and number of events (table 2). A significant 
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Fig 2 | Dose-response association of waist circumference with risk of all cause mortality in women. Solid line represents non-linear dose response 
and dotted lines represent 95% confidence interval. Circles represent hazard ratio point estimates for adiposity categories from each study with 
circle size proportional to inverse of standard error. Small vertical black lines represent baseline adiposity category for each separate study
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association remained stable among studies that 
adjusted for physical activity, alcohol consumption, 
smoking status, and body mass index. The association 
became weaker in participants older than 60 years: 
hazard ratio 1.09 (1.01 to 1.17, I2=76%, n=8). The 
subgroup analyses suggested that follow-up duration, 
number of events, study quality, and anthropometric 
assessment method were potential sources of between 
study heterogeneity. No evidence of publication bias 
was observed with Egger’s test (P=0.19) and Begg’s 
test (P=0.52; fig S3 in appendix 1).

Nine cohort studies with 516 998 healthy partici-
pants and 26 285 events38 45 52 65 72 82 83 97 103 reported 
sufficient data for the analyses of healthy participants. 
Eight studies (seven publications) with 17 107 
events among 304 443 never smokers35 45 65 92 97 99 103  
and three studies with 11 535 events among 203 758 
healthy never smokers45 97 103 also reported sufficient 
data for the analyses of never smokers and healthy 
never smokers, respectively. The associations remained 

unchanged in healthy participants, but attenuated 
weakly in never smokers (table 2).

Twenty two cohort studies (21 publications) reported 
sufficient data for the non-linear dose-response meta-
analyses.35 45 47 48 52 58 64 70 74 82-84 86 87 91 92 97-100 103 

Figure 5 presents the results for all participants (Pnon-

linearity<0.001, n=22), all participants after body mass 
index was accounted for (Pnon-linearity=0.06, n=7), 
healthy participants (Pnon-linearity<0.001, n=6), and never 
smokers (Pnon-linearity=0.42, n=5). Overall the relations 
were monotonic with little evidence of sharp changes 
at particular cut-off points (fig 5). Additionally, we 
performed separate analyses for men (Pnon-linearity<0.001, 
n=15) and women (Pnon-linearity=0.41, n=18), which 
showed similar monotonic relations.

Waist-to-height ratio
Eleven studies with 760 190 participants and 23 959 
events of all cause mortality were included in the 
analysis of waist-to-height ratio.50 59 60 65 81 82 87 89-91 101 
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The summary hazard ratio for a 0.1 unit increment in 
waist-to-height ratio was 1.24 (95% confidence interval 
1.12 to 1.36, I2=94%; fig 6, table 3). Exclusion of each 
study one at a time did not materially alter the results 
(hazard ratio range 1.21-1.27). The hazard ratios 
were 1.13 (1.01 to 1.24, I2=77%, n=8), 1.20 (1.07 to 
1.32, I2=89%, n=8), and 1.18 (1.03 to 1.34, I2=88%, 
n=4) in men, women, and healthy participants, 
respectively.65 82 90 91 The hazard ratio was 1.42 (1.16 
to 1.69, I2=69%, n=2) in studies that controlled for 
body mass index. Table S5 (appendix 1) presents the 
results for subgroup analyses. Adjustment for body 
mass index, alcohol intake, and geographical region 
were potential sources of heterogeneity. Publication 
bias tests showed some evidence of bias with Egger’s 

test (P=0.05) and Begg’s test (P=0.08; fig S4 in  
appendix 1).

Five studies were eligible for the non-linear dose-
response analysis.60 81 82 87 91 The analyses showed 
significant dose dependent relations between waist-
to-height ratio and mortality risk in the analyses of 
all participants (Pnon-linearity<0.001, n=5) and healthy 
participants (Pnon-linearity=0.005, n=2 studies with sex 
specific effect sizes; fig 7). Both men (Pnon-linearity=0.05, 
n=3) and women (Pnon-linearity=0.001, n=3) showed a 
similar J shaped non-linear response (fig 7). The all 
cause mortality risk was lowest at 0.50 (men: hazard 
ratio0.50unit 0.96, 0.94 to 0.98; women: hazard ratio0.50unit 
0.90, 0.78 to 1.05), after which a sharp linear increase 
was observed.
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Table 2 | Subgroup analyses of waist-to-hip ratio (0.1 unit increase) and risk of all cause mortality
Characteristics n Hazard ratio (95%CI) I2 (%), Phetrogeneity

All studies 31 1.20 (1.15 to 1.25) 90, <0.001
Sex
Men 21 1.16 (1.09 to 1.23) 88, <0.001
Women 23 1.21 (1.16 to 1.26) 84, <0.001
Healthy participants
All 9 1.21 (1.15 to 1.28) 88, <0.001
Men 3 1.15 (1.07 to 1.20) 54, 0.07
Women 5 1.22 (1.17 to 1.25) 60, 0.03
Never smokers
All 8 1.17 (1.10 to 1.24) 72, 0.001
Men 4 1.13 (1.05 to 1.20) 0, 0.45
Women 5 1.16 (1.08 to 1.25) 80, 0.001
Healthy never smokers
All 3 1.17 (1.09 to 1.25) 78, 0.01
Geographical region
US 12 1.16 (1.11 to 1.20) 64, <0.001
Europe 12 1.23 (1.14 to 1.32) 92, <0.001
Asia 7 1.24 (1.07 to 1.42) 91, <0.001
Follow-up duration (years)
<5 2 1.04 (0.95 to 1.10) 0, 0.73
5-10 11 1.20 (1.11 to 1.29) 87, <0.001
10-15 13 1.23 (1.15 to 1.31) 93, <0.001
15-20 3 1.22 (1.03 to 1.41) 81, 0.005
>20 2 1.34 (0.65 to 2.00) 87, 0.005
Anthropometric assessment
Measured 29 1.20 (1.15 to 1.25) 90, <0.001
Self-reported 2 1.20 (1.16 to 1.24) 0, 0.35
Number of events
<500 9 1.13 (1.03 to 1.23) 76, <0.001
500-1000 6 1.18 (1.07 to 1.30) 76, 0.001
1000-2000 3 1.16 (1.10 to 1.22) 0, 0.54
>2000 13 1.25 (1.18 to 1.31) 92, <0.001
Population body mass index
<25 2 1.24 (1.09 to 1.39) 90, 0.002
≥25 2 1.13 (1.09 to 1.17) 0, 0.50
Study quality (stars)
0–3 - - -
4–6 2 1.48 (1.04 to 1.92) 50, 0.16
7–9 29 1.20 (1.15 to 1.24) 91, <0.001
Adjustment for confounders
Body mass index
 Yes 8 1.26 (1.17 to 1.35) 82, <0.001
 No 23 1.18 (1.12 to 1.23) 89, <0.001
Physical activity
 Yes 19 1.22 (1.15 to 1.29) 93, <0.001
 No 12 1.17 (1.10 to 1.23) 77, <0.001
Smoking status
 Yes 28 1.20 (1.15 to 1.25) 91, <0.001
 No 3 1.22 (1.03 to 1.41) 74, 0.02
Alcohol consumption
 Yes 20 1.21 (1.16 to 1.26) 84, <0.001
 No 11 1.19 (1.09 to 1.28) 93, <0.001
Body mass index, physical activity, smoking status, and alcohol drinking
 Yes 5 1.26 (1.18 to 1.35) 84, <0.001
 No 26 1.18 (1.13 to 1.23) 88, <0.001
Adjustment for intermediates
Blood pressure
 Yes 4 1.07 (0.99 to 1.15) 92, <0.001
 No 27 1.23 (1.18 to 1.27) 82, <0.001
Serum cholesterol
 Yes 5 1.09 (1.01 to 1.17) 91, <0.001
 No 26 1.22 (1.17 to 1.27) 82, <0.001
Type 2 diabetes
 Yes 6 1.11 (1.04 to 1.18) 93, <0.001
 No 25 1.23 (1.18 to 1.28) 82, <0.001
Blood pressure, serum cholesterol, and type 2 diabetes
 Yes 4 1.07 (0.99 to 1.15) 92, <0.001
 No 27 1.23 (1.18 to 1.27) 82, <0.001
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Waist-to-thigh ratio
Two cohort studies comprising 2684 events among 
22 866 participants reported risk estimates of all cause 
mortality in relation to waist-to-thigh ratio.78 86 The 
hazard ratios associated with a 0.1 unit increment 
in waist-to-thigh ratio were 1.21 (95% confidence 
interval 1.03 to 1.39, I2=97%; table 3), 1.19 (0.98 to 
1.41, I2=96%), and 1.15 (1.07 to 1.22, I2=0%) in all 
participants, men, and women, respectively (fig S5 in 
appendix 1). We were unable to perform a non-linear 
dose-response analysis because only two studies were 
available for the analysis.

Body adiposity index
Four cohort studies involving 13 787 events of total 
mortality among 124 911 participants were included  
in the analysis of body adiposity index.65 80 87 97 
Summary hazard ratio for a 10% increment in body 
adiposity index was 1.17 (95% confidence interval 
1.00 to 1.33), with high heterogeneity (I2=75%, 

Pheterogeneity=0.007; fig 8, table 3). The results for men 
and women were 1.27 (1.04 to 1.50, I2=48%, n=2) 
and 1.03 (1.00 to 1.05; I2=91%, n=2), respectively. 
The non-linear dose-response analysis suggested a U 
shaped association between body adiposity index and 
all cause mortality risk (Pnon-linearity<0.001, n=4; fig 9) 
with the lowest risk at a body adiposity index of 30% 
(hazard ratio 0.89, 0.84 to 0.95).

A body shape index
Nine cohort studies with 25 603 events among 
716 596 participants were included in the analysis of 
A body shape index.50 53 55 68 69 81 89 90 97 A 0.005 unit 
increment in A body shape index was associated with 
a 15% greater risk: hazard ratio 1.15 (95% confidence 
interval 1.10 to 1.20, I2=87%, Pheterogeneity<0.001; fig 
10, table 3). Summary hazard ratios were 1.22 (1.12 
to 1.32, I2=35%, n=3), 1.12 (1.09 to 1.15, I2=0%, 
n=2), 1.17 (1.01 to 1.33; I2=83%, n=5), and 1.11 
(1.06 to 1.16, I2=74%, n=5) in studies that controlled 
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Fig 5 | Dose-response association of waist-to-hip ratio with risk of all cause mortality. Solid line represents non-linear dose response and dotted 
lines represent 95% confidence interval. Circles represent hazard ratio point estimates for adiposity categories from each study with circle size 
proportional to inverse of standard error. Small vertical black lines represent baseline adiposity category for each separate study
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for body mass index, healthy participants, men, and 
women, respectively. Geographical region, adjustment 
for body mass index, and exclusion of participants 
with pre-existing diseases were potential sources of 
heterogeneity.

Six studies reported data for the non-linear dose-
response analysis.55 68 69 81 90 97 A positive monotonic 
association was found between A body shape index 
and the risk of all cause mortality (Pnon-linearity<0.001,  
fig 11).

Thigh circumference
Three cohort studies involving 25 412 participants 
and 4468 events were included in the analysis of thigh 
circumference.56 78 102 We observed an 18% lower risk 
of total mortality associated with a 5 cm (1.97 inch) 
increase in thigh circumference in the analysis of 
all participants: hazard ratio 0.82 (95% confidence 
interval 0.75 to 0.89, I2=54%, Pheterogeneity=0.11; table 
3). The hazard ratios were 0.82 (0.73 to 0.90, I2=0%, 
n=2) and 0.84 (0.63 to 1.06, I2=80%, n=2) in men and 
women, respectively (fig S6 in appendix 1).

Hip circumference
Nine cohort studies with 25 618 cases among 297 598 
participants were eligible for the analysis of hip 
circumference.38 42 57 71 76 78 82 97 103 A 10 cm (3.94 inch) 

increment in hip circumference was associated with 
a 10% lower risk: hazard ratio 0.90 (95% confidence 
interval 0.81 to 0.99), with high heterogeneity (I2=95%, 
Pheterogeneity<0.001; fig 12, table 3). The association was 
significant in women (0.90, 0.81 to 99, I2=93%, n=7), 
but not in men (0.92, 0.73 to 1.10, I2=94%, n=5). In 
an analysis stratified based on adjustment for body 
mass index and waist circumference, the association 
became stronger when body mass index and waist 
circumference were accounted for (0.78, 0.66 to 
0.90, I2=87%, n=4). In contrast, a significant positive 
association was found in studies without control for 
body mass index and waist circumference (1.04, 1.02 
to 1.06, I2=0%, n=5). Because the direction of the 
association depended completely on adjustment for 
body mass index and waist circumference, we did not 
perform subgroup analyses based on other variables.

Seven studies reported data for the non-linear dose-
response analyses.38 57 71 76 82 97 103 One study reported 
separate effect sizes with and without control for body 
mass index.103 The risk of all cause mortality decreased 
linearly to hip circumference of 100 cm among studies 
that controlled for waist circumference and body 
mass index (hazard ratio100cm 0.70, 95% confidence 
interval 0.64 to 0.77) and then reached a plateau (Pnon-

linearity<0.001, n=4; fig 13, upper panel). In contrast, a 
U shaped association was observed in the analysis of 
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Fig 6 | Summary hazard ratio of all cause mortality for 0.1 unit increment in waist-to-height ratio

Table 3 | Summary hazard ratios of all cause mortality in relation to central obesity measures

Anthropometric measures
Comparison  
(increase) No of studies No of participants No of events

Summary hazard  
ratio (95% CI) Heterogeneity, I2 (%)

Waist circumference 10 cm (3.94 inches) 50 2 056 428 128 842 1.11 (1.08 to 1.13) 88
Waist-to-hip ratio 0.1 unit 31 1 112 816 75 183 1.20 (1.15 to 1.25) 90
Waist-to-height ratio 0.1 unit 11 760 190 23 959 1.24 (1.12 to 1.36) 94
Waist-to-thigh ratio 0.1 unit 2 22 866 2684 1.21 (1.03 to 1.39) 97
Body adiposity index 10% 4 124 911 13 787 1.17 (1.00 to 1.33) 75
A body shape index 0.005 unit 9 716 596 25 603 1.15 (1.10 to 1.20) 87
Thigh circumference 5 cm (1.97 inches) 3 25 412 4468 0.82 (0.75 to 0.89) 54
Hip circumference 10 cm (3.94 inches) 9 297 598 25 618 0.90 (081 to 0.99) 95
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four studies that did not control for body mass index 
and waist circumference (Pnon-linearity<0.001, n=4; fig 
13, lower panel), with lowest risk at 103 cm (hazard 
ratio103cm 0.86, 0.83 to 0.89).

Comparison of associations across different 
measures of central fatness
To compare the associations of indices of central 
fatness with all cause mortality risk, we calculated 
hazard ratio in each study for a one standard deviation 
increment in anthropometric measures and pooled 
the results with the use of a random effects model. 
However, in that analysis, the number of studies might 
differ with the number of studies included in the main 
analyses because we were unable to calculate standard 
deviation values in some studies. Some studies 

reported hazard ratios for one standard deviation, 
but the exact amount of standard deviation was not 
reported in the text. Two studies (one publication) 
reported effect size for a one standard deviation 
increment in waist-to-hip ratio, waist-to-height 
ratio, and hip circumference, but the exact standard 
deviations were not reported in the text, and so were 
included only in the analyses of standard deviation.36 
Another two cohort studies reported effect size for a one 
standard deviation increment in waist-to-height ratio, 
and again, did not report exact standard deviation 
values60 69; therefore, these studies were included only 
in the standard deviation analysis. Table 4 and figs S7-
S14 (appendix 1) present summary hazard ratios for 
one standard deviation increments in anthropometric  
measures.

Waist-to-height ratio (unit)

0.35

All participants (Pnon-linearity<0.001, n=5)

Waist-to-height ratio (unit)

H
az

ar
d 

ra
ti

o

Healthy participants (Pnon-linearity=0.005, n=2)

Men (Pnon-linearity=0.05, n=3)

H
az

ar
d 

ra
ti

o

0.40 0.45 0.50 0.55 0.60 0.65 0.35 0.40 0.45 0.50 0.55 0.60 0.65

Women (Pnon-linearity=0.001, n=3)

0.8

1.4

1.6

2
1.8

1.2

1.0

0.8

1.4

1.6

2
1.8

1.2

1.0

Fig 7 | Dose-response association of waist-to-height ratio with risk of all-cause mortality. Solid line represents non-linear dose response and dotted 
lines represent 95% confidence interval. Circles represent hazard ratio point estimates for adiposity categories from each study with circle size 
proportional to inverse of standard error. Small vertical black lines represent baseline adiposity category for each separate study

  Moliner-Urdiales 2013

  Katzmarzyk 2013

  Thomson 2016

  Rost 2018

Overall: P=0.007; I2=75%

1.19 (0.82 to 1.33)

1.23 (1.04 to 1.41)

1.02 (1.00 to 1.05)

1.32 (1.07 to 1.56)

1.17 (1.00 to 1.33)

0 1 1.5

Author Hazard ratio
(95% CI)

Hazard ratio
(95% CI)

US

US

US

Germany

Note: Weights are from random effects analysis

Country

19.35

24.80

35.79

20.07

100.00

Weight
(%)

Fig 8 | Summary hazard ratio of all cause mortality for 10% increment in body adiposity index
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Discussion
Principal findings
In this systematic review and dose-response meta-
analysis, we pooled data from 72 prospective cohort 
studies to present a relatively comprehensive overview 
of the association of indices of central fatness with all 
cause mortality risk. We found that most indices of 
abdominal adiposity including waist circumference, 
waist-to-hip ratio, waist-to-height ratio, waist-to-thigh 
ratio, and A body shape index were significantly and 
positively associated with a higher all cause mortality 
risk. We found that the associations remained 
significant after body mass index was accounted for, 
which indicated that abdominal deposition of fat, 
independent of overall obesity, is associated with 
a higher risk. We performed sex specific non-linear 
dose-response analyses that showed the risk of total 
mortality did not materially change within the initial 
units of central fatness; this was followed by a sharp 
and significant increase in the risk. However, this 
study showed that two indices of central fatness—thigh 

circumference and hip circumference—were inversely 
associated with all cause mortality risk.

Mechanisms
We know that adiposity is associated with a higher 
risk of premature death. Adiposity exerts adverse 
impacts on systemic inflammation,105 oxidative 
stress,106 insulin resistance,107 blood pressure,108 
lipid profile,109 and endothelial dysfunction110 and is 
linked to a greater risk of cardiovascular disease,111 
site specific cancers,112 kidney disease,113 and 
neurological disorders.114 The number of people with 
overweight and obesity has doubled during the past 
40 years. As a result, approximately one third of the 
world’s populations are overweight or obese.115

Body mass index, a measure of overall adiposity, 
is easy to obtain and has clear categories. Therefore, 
body mass index is the most frequent anthropometric 
measure used to define and classify adiposity. 
However, because of the relative inability of body 
mass index to distinguish between lean mass and fat 
mass, and to differentiate between overall adiposity 
and abdominal adiposity, indices of central fatness 
might be more reliable indicators of adiposity. Body 
mass index might be increased because of muscle 
development rather than fat accumulation from 
overeating.116 Higher muscle mass could reduce the 
risk of premature death.117 However, although higher 
body mass index is associated with a higher risk of 
morbidity and mortality, substantial heterogeneity 
was found among people with similar body mass 
index values. Studies have shown that among people 
who were categorised into equal body mass index 
categories, those with abdominal adiposity (reflected 
by large waist circumference) had an increased risk 
of coronary heart disease and type 2 diabetes.118 119 
Abdominal adiposity, reflected mainly by large waist 
circumference, is highly correlated with detrimental 
visceral fat120 121 and is a reflection of visceral fat 
deposition.122 Having a larger waist circumference, 
even within the normal weight range, is associated 
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Fig 10 | Summary hazard ratio of all cause mortality for 0.005 unit increment in A body shape index
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with cardiometabolic abnormalities123 and higher risk 
of mortality and morbidity.61 124 125

Although waist circumference shows the regional 
fat distribution, it is strongly correlated with body 
mass index.126 The waist-to-hip ratio might provide 
better information on regional fat distribution because 
it considers detrimental visceral fat and beneficial 
gluteal fat and muscle.6 The waist-to-hip ratio is less 
strongly correlated with body mass index than waist 
circumference and has less potential for collinearity; 
therefore, it could be a more specific surrogate for 
regional body fat distribution. Larger waist circum-
ference indicates higher detrimental visceral fat 
mass, while greater waist-to-hip ratio indicates higher 
detrimental visceral fat mass and lower beneficial 
gluteofemoral fat and muscle mass. The non-linear 
dose-response analyses indicated that the slope of the 
curvilinear associations was steeper in the analyses of 
waist-to-hip ratio compared with waist circumference, 
especially in the subgroup of studies that controlled for 
body mass index. However, height is easier to measure 

than hip circumference, and so waist-to-height ratio 
could be used as an appropriate alternative to waist-
to-hip ratio because it controls for body size by using 
height. Waist-to-height ratio could have greater 
correlation with cardiometabolic risk factors than body 
mass index.5

Considering the limitations of the current measures 
of general and abdominal adiposity, including body 
mass index (inability to distinguish lean mass from fat 
mass), waist circumference (strong correlation with 
body mass index), and waist-to-hip ratio (difficulty in 
measuring hip circumference), a new anthropometric 
measure entitled A body shape index has been 
developed.68 This measure is calculated by dividing 
waist circumference by (body mass index2/3×height1/2). 
The A body shape index has a slight correlation with 
body mass index, height, and weight, and so could 
be independent of other anthropometric variables in 
predicting mortality.127 In the present review, we found 
a positive monotonic association between A body 
shape index and the risk of all cause mortality; the 
risk of premature death increased proportionally with 
increasing A body shape index values. The results are 
similar to those of the National Health and Nutrition 
Examination Survey, which indicated a positive linear 
association between A body shape index and risk of 
premature death.68

Comparison with other studies
For each 10 cm increase in waist circumference, 
we found an 8% and a 12% higher risk of all cause 
mortality in men and women, respectively. The results 
were relatively weaker than those of a recent pooled 
analysis of 11 prospective cohort studies in Western 
countries, which suggested a 7% and a 9% higher risk 
for a 5 cm increase in waist circumference in men and 
women, respectively (equivalent to a 14% and an 18% 
higher risk for a 10 cm increase, respectively).15 The 
weaker associations found in our study might be owing 
to the inclusion of large scale Western prospective 
cohort studies only in the previous pooled analysis. 
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Fig 12 | Summary hazard ratio of all cause mortality for 10 cm increment in hip circumference
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We included 15 non-Western cohort studies, which 
reported weaker associations.

We also found a relatively J shaped association 
between waist circumference and all cause mortality 
risk in the analyses of men. The lowest risk was 
observed for a waist circumference of 90 cm in the 
analyses of all participants, healthy participants, and 
especially in studies with more than 10 years of follow-
up. When we limited the analysis of men to studies 
that controlled for body mass index, the risk did not 
change up to a waist circumference of 100 cm, and 
then increased sharply and linearly. Only four studies 
were available for the analysis of men who were 
never smokers, and the results showed no significant 
association. For women, we found a cut-off point of 80 
cm in all women, healthy women, women who were 
never smokers, and healthy women who were never 
smokers.

Previous studies analysing the shape of the 
association between waist circumference and total 
mortality risk have inconsistent results. Some large 
scale prospective cohort studies showed a J shaped 
relation,43 51 52 61 67 83 while others suggested a 
positive linear association.103 A pooled analysis of 
650 000 adults in Western countries found a J shaped 
association for men and a positive linear association 
for women.15 The present study found cut-off points 
of 80 for women and 90 for men, after which the risk 

of mortality showed a sharp and linear increment in 
the risk. However, owing to the inclusion of smokers 
and participants with pre-existing disease, the results 
for all participants must be interpreted cautiously. 
Additionally, the analysis of aggregate data will lead 
to underestimation of relations, and we had to use 
several approximations that will have affected the 
analyses. Therefore, the shape of the curves obtained 
in this review must be interpreted with caution.

Current guidelines recommend different criteria 
to define people with abdominal adiposity and high 
cardiometabolic risk. The executive summary of the 
third report of the National Cholesterol Education 
Programme expert panel on detection, evaluation, and 
treatment of high blood cholesterol in adults (Adult 
Treatment Panel III) recommends cut-off points of 
waist circumference greater than 102 cm for men and 
greater than 88 cm for women to define abdominal 
adiposity in the US.128 According to the definition 
of the International Diabetes Federation, central 
adiposity is defined as a waist circumference of at 
least 94 cm in European countries and at least 90 cm 
in Asian and African countries for men, and at least 
80 cm in European, Asian, and African countries for 
women.129 The European Group for the Study of Insulin 
Resistance considerers a waist circumference larger 
than 94 and 80 cm defines abdominal adiposity in 
men and women, respectively.130 However, unlike the 
other three definitions, the World Health Organization 
defined central adiposity as a waist-to-hip ratio greater 
than 0.90 in men and greater than 0.85 in women.131

For waist-to-height ratio, the existing literature 
suggests a cut-off point of 0.50 for determining 
abdominal adiposity and cardiometabolic risk.5 132-135 
In support of current evidence, we found a cut-off point 
of 0.50 for men and women, after which the risk of all 
cause mortality increased sharply and linearly; the 
risk increased significantly at a waist-to-height ratio 
of 0.55. In the analyses of waist-to-hip ratio, a positive 
monotonic association was found in men and women, 
in which the risk increased from baseline up to a waist-
to-hip ratio of 1.1.

In the analyses of waist circumference, waist-to-hip 
ratio, waist-to-height ratio, and A body shape index, 
the results were much stronger in the subgroups of 
studies that controlled for body mass index in their 
multivariable analyses than in subgroups that did not 
control for body mass index. Of the 72 prospective 
cohort studies in the present review, 13 reported hazard 
ratios with and without adjustment for body mass 
index; of these, 11 studies (10 publications) reported 
stronger effect sizes in the models that controlled 
for body mass index.35 39 41 54 60-62 81 83 103 Only two 
cohort studies reported weaker effect sizes in the 
models without adjustment for body mass index.43  67 
Adjustment for body mass index could decrease 
potential confounding by pre-existing disease and 
pathological conditions, which in turn are associated 
with lower lean body mass.136 Another explanation is 
that body mass index reflects both fat and lean mass, 
while waist circumference and other indices of central 

Hip circumference (cm)

90

Studies with control for BMI and waist circumference
(Pnon-linearity<0.001, n=4)

H
az

ar
d 

ra
ti

o

Studies without control for BMI and waist circumference
(Pnon-linearity<0.001, n=4)

H
az

ar
d 

ra
ti

o

95 100 105 110 115 120

0.8

1.4

1.2

1.0

0.6

0.8

1.4

1.2

1.0

0.6

Fig 13 | Dose-response association of hip circumference with risk of all cause 
mortality. Solid line represents non-linear dose response and dotted lines represent 
95% confidence interval. Circles represent hazard ratio point estimates for adiposity 
categories from each study with circle size proportional to inverse of standard error. 
Small vertical black lines represent baseline adiposity category for each separate study

 on 19 A
pril 2024 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

M
J: first published as 10.1136/bm

j.m
3324 on 23 S

eptem
ber 2020. D

ow
nloaded from

 

http://www.bmj.com/


RESEARCH

the bmj | BMJ 2020;370:m3324 | doi: 10.1136/bmj.m3324 17

adiposity mainly reflect fat mass. After adjusting for 
body mass index, waist circumference mainly reflects 
total and deleterious visceral fat, and as a result, shows 
stronger association with mortality risk. Therefore, by 
combining central adiposity measures with body mass 
index, a more accurate estimation could be made of 
the association of adiposity with mortality risk.

In the non-linear dose-response meta-analyses of 
waist circumference and waist-to-hip ratio, the slope 
of the curvilinear association increased sharply after 
adjustment for body mass index. A large prospective 
cohort study in Europe suggested a J shaped association 
between waist circumference and risk of death before 
adjustment for body mass index. Additionally, a 
strong positive linear association was observed after 
adjustment for body mass index, suggesting that both 
measures of general and abdominal adiposity should 
be considered when determining the risk of premature 
death.83 Although in the present review 13 prospective 
cohort studies reported the hazard ratios with and 
without adjustment for body mass index, different 
primary studies were still included in the subgroups 
with and without controlling for body mass index. 
Therefore, the observed differences in the analyses 
with and without controlling for body mass index 
could be subject to confounding.

We also found a significant inverse association 
between larger hip circumference and thigh circum-
ference and the risk of mortality. Deposition of fat 
in gluteofemoral region, irrespective of gender, is 
thought to be independently associated with better 
lipid and glucose profiles, and might have protective 
effects against cardiovascular and metabolic risk.6 
However, we found that the direction of the association 
between hip circumference and mortality was different 
among studies with and without controlling for waist 
circumference and body mass index. An inverse 
association was found among studies that controlled 
for waist circumference and body mass index, and in 
contrast, a U shaped association was observed among 
studies that did not control for waist circumference 
and body mass index.

Hip circumference measures gluteal subcutaneous 
adipose tissue and muscle mass.6 In contrast, waist 
circumference is a reflection of subcutaneous and 
visceral adipose tissue. However, hip circumference 
is highly correlated with body mass index and a 
correlation exists between body mass index and waist 

circumference.12 Therefore, larger hip circumference 
might reflect higher body mass index and waist 
circumference, which could partly explain the U 
shaped association found in studies that did not 
control for waist circumference.38 Adjusting hip 
circumference, which reflects beneficial gluteal fat, for 
waist circumference, which incorporates deleterious 
visceral fat, might allow a more precise estimation of 
the beneficial effects of gluteofemoral fat.137 However, 
different prospective cohort studies were included 
in the subgroups with and without controlling for 
waist circumference and body mass index. Only one 
prospective cohort study reported the hazard ratios 
of all cause mortality for hip circumference with and 
without controlling for waist circumference and body 
mass index.103 These results are from different studies 
and therefore could be subject to confounding.

Two recent comprehensive meta-analyses of more 
than 200 prospective cohort studies were performed 
to evaluate the association between overall adiposity, 
reflected by body mass index, and the risk of all cause 
mortality.12 Both low and high body mass index were 
found to be associated with a significantly higher 
risk. The results indicated a U shaped and a J shaped 
association between body mass index and the risk 
of all cause mortality in the general population and 
healthy never smokers, respectively. However, we 
found inconsistent results. Our findings indicated a 
modest increase in the risk of all cause mortality in 
participants with small waist circumference in men, 
and in women who were never smokers and healthy 
women who were never smokers. The higher risk of 
mortality in underweight participants by body mass 
index has been attributed to reverse causation and 
potential confounding by smoking, recent weight loss, 
and pre-existing disease, which might result in a low 
body mass index.138 139

The body mass index incorporates both lean mass 
and fat mass, and so being underweight by body 
mass index reflects lower beneficial lean mass and 
detrimental visceral fat mass. In contrast, abdominal 
adiposity is a measure of subcutaneous and visceral 
fat mass, therefore smaller waist circumference 
might reflect lower detrimental visceral fat mass and 
does not necessarily reflect lower lean body mass. 
This information could partly explain the observed 
difference in the risk of mortality in participants with 
low body mass index and small waist circumference. 

Table 4 | Summary hazard ratios of all cause mortality for one standard deviation increment in central obesity measures
Anthropometric  
measures SD values

No of 
studies

No of  
participants

No of  
events

Summary hazard  
ratio (95% CI)

Heterogeneity,  
I2 (%)

Thigh circumference 5.2 cm (2.05 inches) 3 25 412 4468 0.82 (0.76 to 0.89) 47
Hip circumference 8 cm (3.15 inches) 11 303 296 26 959 0.93 (0.87 to 0.99) 92
Body adiposity index 8% 4 124 911 13 787 1.10 (1.01 to 1.19) 73
Waist circumference 9.8 cm (3.86 inches) 51 2 132 756 136 825 1.12 (1.09 to 1.14) 85
Waist-to-hip ratio 0.07 unit 33 1 112 816 75 183 1.14 (1.11 to 1.18) 93
Waist-to-height ratio 0.06 unit 14 785 125 24 870 1.17 (1.10 to 1.24) 91
A body shape index 0.006 unit 9 716 596 25 603 1.17 (1.13 to 1.21) 73
Waist-to-thigh ratio 0.14 unit 2 22 866 2684 1.32 (1.01 to 1.62) 89
SD=standard deviation.
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Another explanation is that although a strong 
correlation exists between body mass index and waist 
circumference, small waist circumference does not 
necessarily reflect low body mass index. Participants 
could be normal weight, overweight, or obese by body 
mass index, and at the same time, have either small 
or large waist circumference. A prospective evaluation 
among 150 000 women who were postmenopausal in 
the US indicated that participants could be normal 
weight, overweight, or even obese by body mass 
index, but could have small waist circumference.140 
Therefore, smaller waist circumference does not 
necessarily reflect lower body mass index and so is not 
necessarily associated with a higher mortality risk.

We also performed an additional analysis to 
compare the associations across different measures 
of central fatness. The results showed that waist-
to-thigh ratio and A body shape index have the 
strongest associations with mortality risk among 
anthropometric measures studied in this review. 
However, some important differences exist, such as 
the number of primary studies included in the analysis 
of each anthropometric measure (eg, 51 studies for 
waist circumference and two studies for waist-to-thigh 
ratio), and confounding variables were accounted for 
in each analysis. Additionally, these results reflect 
the associations in the general populations. Smoking 
status and pre-existing disease might confound the 
association of indices of central obesity with all cause 
mortality risk. Therefore, our findings relating to the 
stronger association of waist-to-thigh ratio and A body 
shape index with all cause mortality risk should be 
interpreted cautiously.

Strengths and limitations of this study
Some important limitations must be noted when 
interpreting the results. Although we excluded studies 
specifically conducted among patients with diseases, 
some original studies still included patients with 
existing diseases and potentially undiagnosed diseases 
at baseline. Therefore, potential confounding by pre-
existing diseases must be considered. Furthermore, 
in the analyses of waist circumference and waist-to-
hip ratio, only eight studies reported sufficient data 
for never smokers. Additionally, we were unable to 
perform such analyses for waist-to-height ratio, waist-
to-thigh ratio, thigh circumference, hip circumference, 
body adiposity index, and A body shape index. 
Therefore, the results might have been affected by 
confounding effects of smoking. However, for waist 
circumference and waist-to-hip ratio, the results for 
never smokers were approximately similar to those 
of the main analyses. We performed sex specific non-
linear dose-response analyses of never smokers and 
healthy participants only in the analysis of waist 
circumference, and we were unable to perform such 
analyses for other anthropometric measures.

Only 14 studies for waist circumference, nine 
studies for waist-to-hip ratio, four studies for waist-to-
height ratio, and two studies for A body shape index 
reported data for healthy participants; no study was 

found to test the associations for waist-to-thigh ratio, 
hip circumference, thigh circumference, and body 
adiposity index in healthy participants. Additionally, 
most of these studies excluded only participants 
with a history of cancer and cardiovascular disease 
at baseline. Therefore, residual confounding from  
undiagnosed pre-existing disease such as respiratory 
disease and kidney failure must be noted. Furthermore, 
only two, three, and four studies were available for the 
analyses of waist-to-thigh ratio, thigh circumference, 
and body adiposity index, respectively. Additionally, 
the non-linear dose-response analyses of waist-to-
height ratio, body adiposity index, and A body shape 
index are based on relatively few studies. Therefore, 
further studies should assess the degree and the 
shape of the associations for these measures. Almost 
all studies included in the present review assessed 
baseline anthropometric measures and potential 
changes during the follow-up period were not 
considered in their analyses. Furthermore, existing 
evidence suggests that the strength of the association 
between adiposity and the risk of mortality decreases 
with increasing age.141 142 Our results also indicated 
that the association became non-significant (for waist 
circumference) or weakened substantially (for waist-
to-hip ratio) in participants aged 60 years and older. 
However, we were unable to test the associations in 
different subgroups of age for different measures of 
central fatness, and so future research should test the 
degree and the shape of the association for different 
measures of central fatness. 

Although indices of central fatness can reflect 
body fat distribution, they have low capability to 
measure total body fat,136 and so they can be used 
as supplementary approaches, in parallel with body 
mass index, to determine cardiometabolic risk. Fina-
lly, analysis of aggregate data would have led to 
underestimation of relations, and we had to use several 
approximations that would have affected the analyses. 
Therefore, some subtle issues such as identification of 
thresholds and the exact shape of the curves cannot be 
reliably observed in such data.

The present study also has several strengths. We 
gathered all the evidence relating to the association of 
all measures of central fatness with all cause mortality 
risk. We included 72 high quality prospective cohort 
studies with more than 2.53 million participants, 
which enabled us to test the associations in different 
subgroups. We performed several subgroup analyses 
based on study duration, geographical location, number 
of events, and adjustment for main confounders. 
We performed sex specific non-linear dose-response 
analyses for almost all exposures, especially for waist 
circumference, in which we performed sex specific 
non-linear analyses in never smokers and healthy 
participants. We found sex specific cut-off points in 
the analyses of waist circumference, waist-to-hip 
ratio, and waist-to-height ratio that confirmed current 
recommendations for classification of adults to identify 
those with abdominal adiposity and cardiometabolic 
risk. Finally, we compared the associations across 
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different measures of central fatness that showed 
waist-to-thigh ratio and A body shape index had 
the strongest associations with all cause mortality 
risk. However, limited studies were found for waist-
to-thigh ratio and A body shape index, therefore 
we cannot speculate that these indices are the best 
anthropometric measures to predict premature death.

Conclusions
The present meta-analysis of 72 prospective cohort 
studies indicated that most indices of central fatness 
including waist circumference, waist-to-hip ratio, 
waist-to-height ratio, body adiposity index, and A body 
shape index, independent of overall adiposity, were 
positively and significantly associated with a higher 
all cause mortality risk. Larger hip circumference and 
thigh circumference were associated with a lower 
risk. Our results suggest that measures of central 
adiposity could be used as a supplementary approach, 
in combination with body mass index, to determine 
the risk of premature death. However, analysis of 
aggregate data would have led to underestimation of 
relations, and several methodological approximations 
would have affected the analyses. Therefore, an 
individual participant data meta-analysis of studies 
with multiple markers (including body mass index) 
is needed to assess the shape of these relations and 
their comparison or incremental value with body mass 
index. Additionally, more accurate estimations of the 
associations are needed, especially in healthy never 
smokers.
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