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Abstract

IMPORTANCE The Hispanic and Latino population is the second largest ethnic group in the US, but
associations of obesity parameters with mortality in this population remain unclear.

OBJECTIVE To investigate the associations of general and central obesity with mortality among
US Hispanic and Latino adults.

DESIGN, SETTING, AND PARTICIPANTS The Hispanic Community Health Study/Study of Latinos is
an ongoing, multicenter, population-based cohort study with a multistage probability sampling
method performed in Hispanic and Latino adults aged 18 to 74 years with a baseline between January
1, 2008, and December 31, 2011. Active follow-up for this analyses extended from baseline through
February 17, 2022. All analyses accounted for complex survey design (ie, stratification and clustering)
and sampling weights to generate estimates representing the noninstitutionalized, 18- to 74-year-old
Hispanic or Latino populations from selected communities.

EXPOSURES Body mass index (BMI; calculated as weight in kilograms divided by height in meters
squared), body fat percentage, waist circumference (WC), and waist to hip ratio (WHR).

MAIN OUTCOME AND MEASURE Deaths were ascertained via death certificates, the National
Death Index, and active follow-up.

RESULTS Of 15 773 adults (mean [SE] age, 40.9 [0.3] years; 52.8% female), 686 deaths occurred
during a median (IQR) follow-up of 10.0 (9.9-10.2) years. When adjusting for sociodemographic,
lifestyle, and family history covariates, hazard ratios (HRs) for mortality were 1.55 (95% CI, 1.08-2.22)
for a BMI of 35.0 or greater vs 18.5 to 24.9, 1.22 (95% CI, 0.92-1.64) for the highest vs lowest body
fat percentage groups (defined according to sex-, age-, and Hispanic or Latino background–specific
BMI distribution), 1.35 (95% CI, 0.98-1.85) for WC greater than 102 cm (men) or 88 cm (women) vs
94 cm (men) or 80 cm (women) or less, and 1.91 (95% CI, 1.28-2.86) for WHR of 0.90 (men) or 0.85
(women) or greater vs less than 0.90 (men) or 0.85 (women). Only WHR was associated with
mortality with additional adjustment for major comorbidities (HR, 1.75; 95% CI, 1.17-2.62). The
association of WHR with mortality was stronger among women compared with men (P = .03 for
interaction), and the association between BMI and mortality was stronger among men (P = .02 for
interaction). The positive association between severe obesity (BMI � 35.0) and mortality was
observed only among adults with WHR of 0.90 (men) or 0.85 (women) or greater but not among
those with WHR below 0.90 (men) or 0.85 (women) (P = .005 for interaction) who had greater hip
circumference.

CONCLUSIONS AND RELEVANCE In this cohort of US Hispanic and Latino adults, WHR was
independently associated with higher all-cause mortality regardless of BMI and prevalent
comorbidities. These findings suggest that prioritizing clinical screening and intervention for WHR in
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Abstract (continued)

this population may be an important public health strategy, with sex-specific strategies potentially
being needed.
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Introduction

The Hispanic and Latino population is the second largest and one of the fastest-growing racial or
ethnic groups in the US,1 with a high obesity prevalence of 45.6% among adults.2 Obesity has been
linked to increased risks of cardiometabolic diseases, dementia, depression, and cancers,3

contributing to more than 5 million deaths and huge disease burdens in 2019 globally.4 However,
current evidence regarding the association between obesity and mortality is predominantly from
White and Asian populations,5-7 and evidence from Hispanic and Latino individuals, who have
different physiologic and sociocultural features,8-11 is sparse and needed desperately.

Of a few publications from Hispanic and Latino populations, most reported lower or similar
mortality risks in people with overweight compared with normal weight, and increased mortality
risks were observed only in people with severe obesity.12-18 However, no study considered
confounding from Hispanic or Latino backgrounds (eg, Cuban and Mexican) and acculturation (ie, the
process in which individuals adopt cultural attributes of another culture19), which are 2 important
determinants of obesity and mortality risks among Hispanic and Latino populations.11 Furthermore,
few studies controlled for confounding from socioeconomic status, diet, physical activity, and
comorbidities. Most evidence considered body mass index (BMI), which measures general obesity
(ie, abnormal or excessive fat accumulation),20 but BMI cannot distinguish fat from fat-free body
mass as body fat percentage can.7 Body mass index also cannot evaluate regional body fat
distribution, particularly abnormal or excessive abdominal fat accumulation (ie, central obesity),21 as
waist circumference (WC) and waist to hip ratio (WHR) can. Therefore, we leveraged data from the
ongoing population-based Hispanic Community Health Study/Study of Latinos (HCHS/SOL) to
investigate the associations of general and central obesity with mortality among US Hispanic and
Latino adults.

Methods

Study Population
At baseline (January 1, 2008, to December 31, 2011), 16 415 adults aged 18 to 74 years who self-
identified as Hispanic or Latino were recruited via a multistage probability sampling method from 4
metropolitan areas in the US: Chicago, Illinois; Miami, Florida; Bronx, New York; and San Diego,
California. Participants have diverse backgrounds, including Central and South American, Cuban,
Dominican, Mexican, Puerto Rican, and more than 1 ethnicity. Other details are reported in the
eMethods in Supplement 1 and previous publications.22-24 The study was approved by institutional
review boards at participating institutions, and all participants provided written informed consent.
This study conformed to the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) reporting guideline.

Among 16 415 participants, we excluded 432 participants with any missing obesity parameter
measurement, 125 with a BMI (calculated as weight in kilograms divided by height in meters squared)
below 18.5, and 85 who died within the first 2 years of follow-up to reduce the possibility of reverse
causation, leaving 15 773 participants in the current analysis (eFigure 1 in Supplement 1).
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Assessment of Obesity Parameters and Covariates
Two general obesity parameters (BMI and body fat percentage) and 2 central obesity parameters
(WC and WHR) were measured according to standard procedures at baseline, which are documented
in the eMethods in Supplement 1. According to World Health Organization guidelines and previous
studies,20,21,25 BMI was categorized into 18.5 to 24.9 (normal weight), 25.0 to 29.9 (overweight),
30.0 to 34.9 (moderate obesity), and 35.0 or greater (severe obesity).20 Body fat percentage was
categorized according to a previous HCHS/SOL study on the basis of sex, age, and Hispanic or Latino
background (eMethods in Supplement 1),25 with 4 cutoffs corresponding with World Health
Organization BMI cutoffs (eTable 1 in Supplement 1): lowest (corresponding to normal weight),
second lowest (overweight), second highest (moderate obesity), and highest (severe obesity). Waist
circumference (men/women) was categorized as 94/80 cm or less (healthy WC), 95 to 102/81 to 88
cm (intermediate WC), and greater than 102/88 cm (unhealthy WC).21 Waist to hip ratio
(men/women) was categorized as less than 0.90/0.85 (healthy WHR) and 0.90/0.85 or greater
(unhealthy WHR).21

Questionnaires were used to collect participants’ demographic (age, sex, Hispanic or Latino
background, and marital status), socioeconomic (annual household income, educational level,
employment, insurance, length of residence in the US 50 states or Washington, DC, and preferred
language), lifestyle (cigarette smoking, alcohol drinking, sleeping time, dietary quality measured by
Healthy Eating Index 2010,26 and total physical activity levels), and disease (family history of
myocardial infarction and diabetes and self-reported prevalent diabetes, cardiovascular disease,
cancer [except for nonmelanoma skin cancer], or chronic obstructive pulmonary disease) covariates.
Covariate definitions are detailed in the eMethods in Supplement 1.

Outcome Assessment
All-cause deaths were determined via death certificates (until December 31, 2019), the National
Death Index (until December 31, 2019), and proxy reports during annual telephone follow-ups
(between December 4, 2017, and February 17, 2022; the median is April 3, 2020). Follow-up time
started from baseline until the date of death, loss to follow-up, or last telephone follow-up, whichever
occurred first.

Statistical Analysis
All analyses accounted for complex survey design (ie, stratification and clustering) and sampling
weights to generate estimates representing the noninstitutionalized, 18- to 74-year-old Hispanic or
Latino populations from selected communities. All analyses were performed using SAS software,
version 9.4 (SAS Institute Inc) and SUDAAN, release 11 (Research Triangle Institute) unless otherwise
stated. Two-sided P < .05 was considered as statistically significant.

Baseline characteristics were described by different WHR and BMI groups. Continuous variables
were described as means (SEs), and categorical variables were described as weighted percentages
(SEs). Estimates were standardized to the US 2010 Census age distribution. Pearson correlations
among obesity parameters were tested.

Age- and sex-standardized mortality rates across obesity groups were estimated. Cox
proportional hazards regression models were used to investigate the associations of baseline obesity
parameters with mortality. To test the proportional hazards assumption, a product term of follow-up
time and each obesity parameter was included, and the assumption was met (P > .08). Model 1
adjusted for demographic, socioeconomic, lifestyle, and family history covariates, which were also
used in subgroup, sensitivity, and secondary analyses. Model 2 additionally adjusted for prevalent
diabetes, cardiovascular disease, cancer, and chronic obstructive pulmonary disease, which were
potential mediators between obesity and mortality. Percentages of missing covariate information
were less than 5% except for income (6.1%) and sleeping time (5.2%). Missing values for covariates
were imputed using the missing indicator approach and sex-specific mean values for categorical and

JAMA Network Open | Diabetes and Endocrinology General or Central Obesity and Mortality Among US Hispanic and Latino Adults

JAMA Network Open. 2024;7(1):e2351070. doi:10.1001/jamanetworkopen.2023.51070 (Reprinted) January 16, 2024 3/15

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.51070&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.51070
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.51070&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.51070
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.51070&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.51070
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.51070&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.51070


continuous covariates, respectively.27 Restricted cubic splines were used to test nonlinear
associations, and 5th, 50th, and 95th percentiles were used as knots.28

We tested multiplicative and additive interactions between obesity parameters and subgroup
covariates—sex, age, Hispanic or Latino background, acculturation (a score considering nativity, years
in the US, and language preference),29 socioeconomic status, physical activity, and dietary quality
(eMethods in Supplement 1)—by introducing a product term of the obesity parameter and covariate
into the Cox proportional hazards model and the additive hazards model, respectively. Hazard ratios
(HRs) and mortality rate differences (MRDs) comparing different levels of obesity parameters were
calculated in different subgroups.30,31 Additive hazards models were constructed by the addhazard R
package (R Project for Statistical Computing). Several sensitivity analyses were conducted. First, all
obesity parameters were categorized into sex-specific quartiles. Second, participants with baseline
diabetes, cardiovascular disease, cancer, and chronic obstructive pulmonary disease who could have
unintentional weight loss were excluded. Third, participants who died within the first 2 years of
follow-up were included. Fourth, we used more stringent criteria to ascertain deaths (eMethods in
Supplement 1). Fifth, we included only never-smokers given the associations of smoking with
reduced body weight32 and multiple disease risks.4 Sixth, multiple imputation (5 imputed data sets)
was conducted to account for missing covariates.33 Seventh, obesity parameters were treated as
time-varying variables by including the measurements in 2014 to 2017. Eighth, 1 field center was
excluded at a time.

The independent, interaction, and joint associations of general and central obesity with
mortality were further examined. Body mass index and WHR were chosen as the indicators for
general and central obesity, respectively, given their relatively weaker correlation. First, BMI and
WHR were mutually adjusted in the Cox proportional hazards model to test their independent
associations. Second, the associations of WHR with mortality by different BMI groups and the
associations of BMI with mortality by different WHR groups were examined. To increase statistical
power, participants were regrouped into 2 groups according to BMI (<35.0 and �35.0). Both
multiplicative and additive interactions were tested. Third, the joint association of BMI (<35.0 and
�35.0) and WHR (<0.90/0.85 and �0.90/0.85) with mortality was evaluated.

Results

Population Characteristics
Of 15 773 adults (mean [SE] age, 40.9 [0.3] years; 52.8% female and 47.2% male), 25.1% and 21.7%
of the population had healthy WHR and normal weight, respectively. The Table and eTable 2 in
Supplement 1 show baseline participant characteristics by WHR and BMI groups, respectively. Body
fat percentage, BMI, and WC were strongly intercorrelated (r range = 0.82-0.91) (eFigure 2 in
Supplement 1), whereas WHR was moderately correlated with BMI and body fat percentage (r
range = 0.33-0.58).

Associations of Obesity Parameters With Mortality
During a total of 155 108 person-years of follow-up (median [IQR], 10.0 [9.9-10.2] years), 686 deaths
were recorded (Figure 1). Age- and sex-adjusted mortality rates per 1000 person-years were 5.0
(95% CI, 4.1-5.8) and 6.8 (95% CI, 5.6-8.0) among normal weight and severe obesity groups, 5.1
(95% CI, 4.3-5.9) and 5.1 (95% CI, 4.3-6.0) among the lowest and highest body fat percentage
groups, 5.0 (95% CI, 3.7-6.3) and 4.8 (95% CI, 4.3-5.3) among healthy and unhealthy WC groups, and
3.2 (95% CI, 2.2-4.2) and 4.7 (95% CI, 4.3-5.0) among healthy and unhealthy WHR groups,
respectively.

With adjustments of demographic, socioeconomic, lifestyle, and family history covariates
(model 1), severe obesity, but not overweight or moderate obesity, was associated with higher
mortality compared with normal weight (HR, 1.55; 95% CI, 1.08-2.22). The HRs comparing highest vs
lowest body fat percentage groups (1.22; 95% CI, 0.92-1.64) and comparing unhealthy vs healthy WC
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Table. Baseline Characteristics of Study Population by Waist to Hip Ratio Groups From the Hispanic Community
Health Study/Study of Latinos, 2008-2011a

Characteristic

Overall,
mean (SE), %
(N = 15 773)

Waist to hip ratio

<0.90 (men) or
<0.85 (women)
(n = 3416)

≥0.90 (men) or
≥0.85 (women)
(n = 12 357)

Age, mean (SE), y 40.9 (0.3) 34.2 (0.3) 43.4 (0.3)

BMI, mean (SE) 29.5 (0.1) 27.2 (0.2) 30.6 (0.1)

Waist circumference, mean (SE), cm 97.9 (0.2) 87.2 (0.3) 101.8 (0.2)

Waist to hip ratio, mean (SE) 0.9 (0.0) 0.8 (0.0) 1.0 (0.0)

Body fat percentage, mean (SE) 38.9 (0.1) 37.2 (0.2) 40.0 (0.1)

Sex

Female 52.8 (0.6) 59.7 (1.2) 52.2 (0.7)

Male 47.2 (0.6) 40.3 (1.2) 47.8 (0.7)

Field center

Bronx, New York 27.6 (1.4) 31.3 (2.1) 26.1 (1.4)

Chicago, Illinois 15.7 (1.0) 10.5 (0.9) 17.2 (1.0)

Miami, Florida 30.7 (2.1) 37.7 (2.6) 28.4 (2.0)

San Diego, California 26.1 (1.7) 20.5 (1.9) 28.3 (1.7)

Hispanic or Latino background

Central American 7.4 (0.5) 7.3 (0.7) 7.2 (0.5)

Cuban 21.2 (1.7) 25.1 (2.0) 19.7 (1.6)

Dominican 9.6 (0.7) 12.4 (1.0) 8.3 (0.7)

Mexican 37.0 (1.6) 26.2 (1.8) 41.2 (1.6)

Puerto Rican 15.7 (0.8) 18.3 (1.6) 15.0 (0.8)

South American 5.1 (0.3) 6.0 (0.6) 4.7 (0.3)

>1 4.2 (0.3) 4.8 (0.5) 3.9 (0.3)

Marital status

Married or living with a partner 49.6 (0.8) 45.1 (1.5) 51.5 (0.8)

Separated, divorced, or widow(er) 18.2 (0.5) 20.0 (1.4) 17.8 (0.5)

Single 31.8 (0.6) 34.5 (1.1) 30.4 (0.7)

Yearly household income <$30 000 61.4 (0.9) 59.5 (1.6) 62.2 (1.0)

Educational level

More than high school or GED 39.1 (0.8) 43.5 (1.5) 38.3 (0.9)

High school graduate or GED 27.1 (0.5) 28.3 (1.1) 26.5 (0.6)

Less than high school or GED 33.5 (0.7) 27.7 (1.4) 34.9 (0.8)

Employment status

Employed full time 32.5 (0.6) 32.1 (1.1) 32.8 (0.7)

Employed part time 16.3 (0.4) 17.3 (0.9) 15.8 (0.5)

Retired 10.0 (0.3) 8.9 (1.1) 10.1 (0.4)

Unemployed 39.3 (0.7) 40.0 (1.4) 39.4 (0.8)

No current health insurance 47.9 (0.9) 46.6 (1.5) 48.4 (0.9)

Nativity and residence in US

US born 20.8 (0.7) 19.6 (1.0) 21.4 (0.7)

Non-US born, residence ≥10 y 51.6 (0.7) 48.0 (1.4) 52.9 (0.8)

Non-US born, residence <10 y 27.0 (0.9) 31.6 (1.6) 25.2 (0.9)

Preferred to speak in Spanish 76.8 (0.8) 76.4 (1.6) 76.5 (0.9)

Cigarette smoking

Never 60.6 (0.6) 66.5 (1.4) 58.8 (0.7)

Former 18.3 (0.5) 14.4 (1.0) 19.3 (0.5)

Current light smoker 10.1 (0.4) 8.7 (0.6) 10.7 (0.5)

Current heavy smoker 10.5 (0.4) 10.1 (0.9) 10.7 (0.5)

(continued)
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groups (1.35; 95% CI, 0.98-1.85) were statistically nonsignificant, whereas the top WC quartile had an
HR of 1.50 (95% CI, 1.01-2.24) compared with the bottom quartile (eTable 3 in Supplement 1). The
HR comparing unhealthy and healthy WHR was 1.91 (95% CI, 1.28-2.86). With additional adjustments
of baseline comorbidities (model 2), only WHR was associated with mortality (HR comparing
unhealthy vs healthy WHR, 1.75; 95% CI, 1.17-2.62). After excluding participants with prevalent
comorbidities, only WHR (HR comparing unhealthy vs healthy WHR, 2.15; 95% CI, 1.35-3.43) and WC
(HR comparing unhealthy vs healthy WC, 1.84; 95% CI, 1.13-2.98) were associated with higher
mortality (eTable 4 in Supplement 1). All associations were strengthened among never smokers.
Results remained largely consistent in other sensitivity analyses (eTable 4 in Supplement 1).

Subgroup Analyses
Although no multiplicative interaction was detected, additive interactions were detected between
sex and BMI, WC, and WHR (P < .03 for interaction) (Figure 2), indicating different MRDs by sex. The
MRD between unhealthy and healthy WHR was 1.4 (95% CI, 0.5-2.3) per 1000 person-years among
women and larger than 0.7 (95% CI, −0.7 to 2.1) among men. Restricted cubic splines showed that
any increased WHR was associated with increased mortality among women, whereas higher WHR
was associated only with higher mortality among men when WHR exceeded 1.00 (eFigure 3 in
Supplement 1). Women with unhealthy WHR had greater WC but similar hip circumference compared
with those with healthy WHR, whereas men with unhealthy WHR had both greater WC and hip
circumference compared with those with healthy WHR (eTable 5 in Supplement 1).

In contrast, MRD between severe obesity and normal weight was 2.8 (95% CI, −0.2 to 5.7) per
1000 person-years among men, and larger than 0.2 (95% CI, −1.3 to 1.7) among women. Restricted

Table. Baseline Characteristics of Study Population by Waist to Hip Ratio Groups From the Hispanic Community
Health Study/Study of Latinos, 2008-2011a (continued)

Characteristic

Overall,
mean (SE), %
(N = 15 773)

Waist to hip ratio

<0.90 (men) or
<0.85 (women)
(n = 3416)

≥0.90 (men) or
≥0.85 (women)
(n = 12 357)

Alcohol drinking

Never 19.3 (0.7) 22.2 (1.4) 18.3 (0.7)

Former 30.1 (0.7) 28.9 (1.5) 30.6 (0.7)

Current moderate drinker 44.5 (0.7) 44.2 (1.4) 44.3 (0.8)

Current heavy drinker 5.9 (0.3) 4.4 (0.5) 6.6 (0.4)

Sleep <6 or >9 h/d 24.1 (0.5) 24.4 (1.4) 24.2 (0.6)

Family history of myocardial infarction 30.0 (0.6) 31.7 (1.3) 29.8 (0.6)

Family history of diabetes 41.0 (0.7) 37.8 (1.5) 42.5 (0.8)

Physical activity

High 54.8 (0.6) 57.0 (1.4) 54.3 (0.6)

Medium 10.6 (0.3) 10.8 (0.8) 10.4 (0.4)

Low 12.6 (0.4) 11.5 (0.9) 12.7 (0.5)

None 21.4 (0.5) 19.8 (1.2) 21.9 (0.6)

Healthy Eating Index-2010

Quintile 5 20.8 (0.7) 21.0 (1.5) 20.9 (0.7)

Quintile 4 20.2 (0.5) 20.0 (1.2) 20.1 (0.6)

Quintile 3 21.2 (0.5) 20.2 (1.1) 21.8 (0.6)

Quintile 2 19.3 (0.5) 20.7 (1.1) 18.7 (0.6)

Quintile 1 18.6 (0.6) 18.1 (0.9) 18.5 (0.6)

Prevalent diabetes 17.9 (0.5) 9.1 (0.9) 19.8 (0.5)

Prevalent cardiovascular disease 8.1 (0.3) 5.9 (0.8) 8.6 (0.4)

Prevalent cancer 3.6 (0.2) 3.3 (0.6) 3.8 (0.3)

Prevalent chronic obstructive pulmonary diseases 6.3 (0.3) 7.2 (1.3) 6.2 (0.3)

Abbreviation: GED, General Equivalency Diploma.
a The analysis considered complex and multistage

probability sampling (ie, sampling weight,
stratification, and clustering), and all estimates
(except age) were standardized to the US 2010
Decennial Census age distribution. Data are
presented as percentage (SE) unless otherwise
indicated.
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cubic splines showed that higher BMI was associated with higher mortality when exceeding 32.4 and
42.2 among men and women, respectively (eFigure 3 in Supplement 1). Similar patterns were
observed for WC. Associations of obesity parameters with mortality were largely consistent across
other subgroups (eFigure 4 in Supplement 1).

Independent, Interaction, and Joint Associations of General and Central Obesity
With Mortality
With mutual adjustment of BMI and WHR (Figure 3), the HRs were 1.87 (95% CI, 1.27-2.74) comparing
unhealthy vs healthy WHR and 1.35 (95% CI, 0.94-1.92) comparing severe obesity vs normal weight.
Interaction was observed between BMI and WHR (P values for multiplicative and additive
interactions were .17 and .005, respectively). Compared with a BMI less than 35.0, a BMI of 35.0 or
greater was only associated with higher mortality among those with an unhealthy WHR (HR, 1.57;
95% CI, 1.17-2.10) rather than those with a healthy WHR (HR, 1.02; 95% CI, 0.33-3.11). The HR
comparing unhealthy vs healthy WHR was larger among those with a BMI of 35.0 or greater (HR,
3.92; 95% CI, 1.08-14.28) than those with a BMI less than 35.0 (HR, 1.84; 95% CI, 1.17-2.88).
Compared with adults with a BMI less than 35.0 and a WHR less than 0.90/0.85 (Figure 4), those
with a BMI of 35.0 or greater but a WHR less than 0.90/0.85 had no significantly different mortality
risk (HR, 0.82; 95% CI, 0.33-2.07; MRD, −1.8 per 1000 person-years; 95% CI, −3.7 to 0.1), whereas
those with a BMI less than 35.0 but a WHR of 0.90/0.85 or greater (HR, 1.70; 95% CI, 1.10 to 2.63;
MRD, 0.7; 95% CI, −0.1 to 1.6) and those with both a BMI of 35.0 or greater and a WHR of 0.90/0.85

Figure 1. Associations Between Different Obesity Parameters and Mortality, the Hispanic Community Health Study/Study of Latinos (2008-2011)
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years Total No.
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per 1000
person-years

No. of
deaths

Parameter
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≤80 (women)
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81-88 (women)

0.97 (0.70-1.34)3.6 (3.0-4.3)

90 231 9202 414>102 (men) or
>88 (women)
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Waist to hip ratio
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<0.85 (women)

1 [Reference]3.2 (2.2-4.2)
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≥0.85 (women)

1.91 (1.28-2.86)4.7 (4.3-5.0)

0.5 31
HR (95% CI) model 2

HR (95% CI)
model 2

1 [Reference]
0.81 (0.60-1.09)
1.01 (0.72-1.42)
1.28 (0.91-1.82)

1 [Reference]
0.87 (0.67-1.12)
0.82 (0.59-1.13)
1.05 (0.79-1.39)

1 [Reference]

0.95 (0.69-1.31)

1.19 (0.88-1.62)

1 [Reference]

1.75 (1.17-2.62)

Model 1 was adjusted for age, sex, field center, Hispanic or Latino background, marital
status, income, educational level, employment status, insurance, length of stay in the US,
preferred language, family history of myocardial infarction and diabetes, cigarette
smoking, alcohol drinking, sleeping time, diet, and physical activity. Model 2 was
additionally adjusted for prevalent diabetes, cardiovascular disease, cancer, and chronic
obstructive pulmonary disease. Body mass index (BMI; calculated as weight in kilograms
divided by height in meters squared) was categorized as 18.5 to 24.9 (normal weight),
25.0 to 29.9 (overweight), 30.0 to 34.9 (moderate obesity), and 35.0 or greater (severe

obesity). Groups of body fat percentage are defined in eTable 1 in Supplement 1. Waist
circumference was categorized as 94 cm (men) or 80 cm (women) or less (healthy waist
circumference), 95 to 102 cm (men) or 81 to 88 cm (women) (intermediate waist
circumference), and greater than 102 cm (men) or 88 cm (women) (unhealthy waist
circumference). Waist to hip ratio was categorized as less than 0.90 (men) or less than
0.85 (women) (healthy waist to hip ratio) and 0.90 (men) or 0.85 (women) or greater
(unhealthy waist to hip ratio). ASAMR indicates age- and sex-adjusted mortality rate; HR,
hazard ratio.
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or greater had higher absolute and relative mortality rates (HR, 2.71; 95% CI, 1.72-4.28; MRD, 2.4;
95% CI, 1.0-3.8).

Adults with a BMI of 35.0 or greater but a WHR less than 0.90/0.85 (1.9% of the population)
had the highest mean hip circumference (131.5 cm) compared with other groups (102.6-124.3 cm)
(eTable 6 in Supplement 1) and exhibited more favorable metabolic characteristics, such as lower
fasting blood glucose, glycosylated hemoglobin, and triglyceride levels and higher high-density
lipoprotein cholesterol levels compared with those with a WHR or 0.90/0.85 or greater irrespective
of BMI. Without considering WHR, 13.8% of the population would be misclassified as having
overweight or obesity based on BMI, and 10.4% would be misclassified as having normal weight
(eTable 7 in Supplement 1).

Figure 2. Associations Between Different Obesity Parameters and Mortality by Sex
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0.3 41
HR (95% CI)

P value for
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interaction

P value for
additive
interaction

–4 4 660 2

MRD per 1000 person-years (95% CI)

–2

.20

.59

.61

.66

.02

.61

<.001

.03

Data were adjusted for age, sex, field center, Hispanic or Latino background, marital
status, income, educational level, employment status, insurance, length of stay in the US,
preferred language, family history of myocardial infarction and diabetes, cigarette

smoking, alcohol drinking, sleeping time, diet, and physical activity. BMI indicates body
mass index (calculated as weight in kilograms divided by height in meters squared); HR,
hazard ratio; and MRD, mortality rate difference.
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Discussion

Despite the well-established associations of overweight and general and central obesity with
increased mortality risks among White and Asian populations,5-7,20,21 evidence from Hispanic and
Latino populations remains scarce and needed, considering the unique physiologic, sociocultural,
and lifestyle features of the US Hispanics and Latinos.8-11 Limited studies from Hispanic and Latino
populations (mostly of Mexican heritage) reported that overweight was unassociated or associated
with lower mortality12-18; however, the associations between obesity and mortality were
inconsistent.12-18 Two studies did not separate moderate and severe obesity and reported that
obesity was associated with lower mortality among elderly individuals but not among younger
adults,13,17 suggesting possible confounding from severe diseases that contributed to unintentional
weight loss and increased mortality risks. Two studies divided obesity into more groups and found
that moderate obesity was not associated or was slightly associated with higher mortality, whereas

Figure 3. Independent Associations of Body Mass Index (BMI) and Waist to Hip Ratio (WHR) With Mortality
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Analyses considered complex survey design, including stratification, clustering, and
sampling weights. Data were adjusted for age, sex, field center, Hispanic or Latino
background, marital status, income, educational level, employment status, insurance,
length of stay in the US, preferred language, family history of myocardial infarction and

diabetes, cigarette smoking, alcohol drinking, sleeping time, diet, and physical activity.
The BMI values were calculated as weight in kilograms divided by height in meters
squared. HR indicates hazard ratio; MRD, mortality rate difference.
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severe obesity was associated with increased mortality.14,16 For example, the Mexico City Prospective
Study reported that BMIs of 30.0 to 34.9, 35.0 to 39.9, and 40.0 or greater were associated with a
1.16-, 1.62-, and 2.10-fold risk of mortality, respectively,14 largely consistent with our findings.
However, the participants were Mexican, and the evidence cannot be directly extrapolated to US
Hispanic and Latino populations with more diverse backgrounds and cultures. Only the US National
Health and Nutrition Examination Survey (1988-2004) investigated the association between body
fat percentage and mortality among the Mexican American population and found no linear
association.15

As for central obesity, 3 studies examined the association of WC with mortality among Hispanic
and Latino populations, and all found positive associations.12,14,15 However, these studies had
limitations, such as not adjusting for acculturation or Hispanic or Latino backgrounds and not
considering different body fat distributions between sexes. With more adequate control for
confounding and a population with more diverse backgrounds, our study reported that the top WC
quartile was associated with higher mortality risks, but the association was attenuated and
statistically nonsignificant after adjusting for baseline comorbidities. Additionally, WHR reflects both
subcutaneous and abdominal adipose tissue,21 and only 1 prior study reported the association
between greater WHR and higher mortality among Hispanics and Latinos,14 which was consistent
with our study. Above all, WHR was independently associated with mortality regardless of BMI or
comorbidities; thus, it might be a better indicator of mortality compared with BMI, body fat
percentage, and WC among Hispanic and Latino populations and should be routinely examined and
prioritized in health practice.

Moreover, we found that US Hispanic or Latino adults with BMIs of 35.0 or greater but WHRs
less than 0.90/0.85 may represent a unique subpopulation with distinct body fat distribution, whose
mortality risks were similar to those with both BMIs less than 35.0 and WHRs less than 0.90/0.85.
Specifically, these individuals had the greatest hip circumference among all groups, indicating more
fat accumulation in the gluteofemoral region. Previous research has linked gluteofemoral adipose
tissue to lower rates of lipolysis, inflammation, and metabolic risks,34 and we found that adults with
BMIs of 35.0 or greater but WHRs less than 0.90/0.85 had better glucose and lipid profiles compared
with those with WHRs of 0.90/0.85 or greater regardless of their BMI levels. However, these findings
need validation and mechanistic support.

We found that the MRD between the WHR groups was greater among women compared with
men, which was consistent with a previous meta-analysis.7 Similar findings also exist in the
association of WHR with risks of cardiometabolic diseases,35,36 which could be explained by the fact
that women had greater increased metabolic risks related to visceral adipose tissue compared with
men.37,38 Additionally, women with WHRs of 0.85 or greater had greater WC but similar hip

Figure 4. Joint Associations of Body Mass Index (BMI) and Waist to Hip Ratio (WHR) With Mortality
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420–4 –2
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The reference group is adults with a BMI of less than 35.0 (calculated as weight in
kilograms divided by height in meters squared) and WHR less than 0.90 (men) or 0.85
(women). Analyses considered complex survey design, including stratification,
clustering, and sampling weights. Data were adjusted for age, sex, field center, Hispanic

or Latino background, marital status, income, educational level, employment status,
insurance, length of stay in the US, preferred language, family history of myocardial
infarction and diabetes, cigarette smoking, alcohol drinking, sleeping time, diet, and
physical activity.
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circumference compared with women with WHRs less than 0.85 in the HCHS/SOL, indicating that
increased WHR was mostly caused by increased WC; however, men with WHRs of 0.90 or greater
had both greater WC and hip circumference than men with WHRs less than 0.90, and harms of
greater WHR might be partly counteracted by increased gluteofemoral adipose tissue and reduced
metabolic risks.34

On the other hand, we found that the MRD for BMI was stronger among men, consistent with a
previous meta-analysis.6 Similar findings also exist in risks of cardiovascular disease,39-41 diabetes,42

and some cancers.43 These findings might be explained by the fact that, compared with their female
counterparts, men with obesity have more abdominal and visceral fat accumulation,44 lower
concentration of antiatherogenic and anti-inflammatory adiponectin,45-48 and higher cancer risks
associated with higher concentrations of free insulin–like growth factor 1.49,50

In a US Hispanic and Latino population with diverse backgrounds, this study strived to control
for confounding from acculturation, Hispanic or Latino background, dietary habits, and physical
activity and evaluated associations of 4 general and central obesity parameters with mortality, as well
as the interaction of general and central obesity. Reverse causation related to deaths occurring in the
first few years of follow-up, comorbidities, and cigarette smoking were considered.

Limitations
This study has several limitations. First, insufficient statistical power could result in nonsignificant
results for moderate obesity and body fat percentage given the relatively low mortality rate. Results
from interaction and subgroup analyses might be particularly limited by insufficient statistical power,
which needs future validation. Second, although we censored deaths occurring in the first 2 years of
follow-up and controlled for baseline comorbidities, reverse causation is still possible given a median
of 10.0 years of follow-up and other uncontrolled severe diseases. In addition, the association
between obesity and mortality could change with longer follow-ups. Third, body fat percentage was
measured by bioelectrical impedance analysis, which is not the standard measurement and might
underestimate body fat percentage.25 Fourth, death information was collected by both health
records and proxy reports, possibly causing misclassification, and causes of death are not yet
available in the HCHS/SOL.

Conclusions

In this study of US Hispanic and Latino adults, WHR was independently associated with mortality
regardless of baseline BMI and comorbidities, and severe obesity was associated only with higher
mortality among adults with unhealthy WHR. Thus, prioritizing clinical screening, intervention, and
health education for WHR can be an important public health strategy among US Hispanic and Latino
adults. Sex differences were observed, suggesting the need for sex-specific strategies in obesity
prevention and intervention. The interaction between general and central obesity needs validation
from future studies with larger sample sizes. Future studies with longer follow-up duration and high-
quality measurements of body fat are still warranted.

ARTICLE INFORMATION
Accepted for Publication: November 1, 2023.

Published: January 16, 2024. doi:10.1001/jamanetworkopen.2023.51070

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2024 Zhang Y
et al. JAMA Network Open.

Corresponding Author: Qibin Qi, PhD, Department of Epidemiology and Population Health, Albert Einstein
College of Medicine, 1300 Morris Park Ave, Bronx, NY 10461 (qibin.qi@einsteinmed.edu).

Author Affiliations: Department of Epidemiology and Population Health, Albert Einstein College of Medicine,

JAMA Network Open | Diabetes and Endocrinology General or Central Obesity and Mortality Among US Hispanic and Latino Adults

JAMA Network Open. 2024;7(1):e2351070. doi:10.1001/jamanetworkopen.2023.51070 (Reprinted) January 16, 2024 11/15

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.51070&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.51070
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.51070
mailto:qibin.qi@einsteinmed.edu


Bronx, New York (Zhang, Xue, Isasi, Kaplan, Qi); Department of Nutrition and Food Hygiene, School of Public
Health, Medical College of Soochow University, Suzhou, China (Chen); Department of Biostatistics, Gillings School
of Global Public Health, Chapel Hill, North Carolina (Sotres-Alvarez, Cai); Department of Social Medicine, School
of Medicine, University of North Carolina at Chapel Hill, Chapel Hill (Perreira); Institute for Minority Health
Research, University of Illinois, Chicago (Daviglus, Pirzada); Department of Psychology, San Diego State University,
San Diego, California (Gallo); Department of Psychology, University of Miami, Miami, Florida (Llabre); Division of
Public Health Sciences, Fred Hutchinson Cancer Research Center, Seattle, Washington (Kaplan).

Author Contributions: Dr Qi had full access to all of the data in the study and takes responsibility for the integrity
of the data and the accuracy of the data analysis.

Concept and design: Zhang, Chen, Gallo, Cai, Qi.

Acquisition, analysis, or interpretation of data: All authors.

Drafting of the manuscript: Zhang.

Critical review of the manuscript for important intellectual content: All authors.

Statistical analysis: Zhang, Chen, Perreira, Cai, Xue.

Obtained funding: Sotres-Alvarez, Perreira, Daviglus, Gallo, Cai, Isasi, Kaplan, Qi.

Administrative, technical, or material support: Chen, Sotres-Alvarez, Perreira, Gallo, Cai, Isasi, Qi.

Supervision: Gallo, Cai, Qi.

Conflict of Interest Disclosures: None reported.

Funding/Support: The Hispanic Community Health Study/Study of Latinos is a collaborative study supported by
contracts from the National Heart, Lung, and Blood Institute to the University of North Carolina
(HHSN268201300001I/N01-HC-65233), University of Miami (HHSN268201300004I/N01-HC-65234), Albert
Einstein College of Medicine (HHSN268201300002I/N01-HC-65235), University of Illinois at Chicago
(HHSN268201300003I/N01-HC-65236 Northwestern University), and San Diego State University
(HHSN268201300005I/N01-HC-65237). This work is supported by grants R01DK119268 and R01DK120870 from
the National Institute of Diabetes and Digestive and Kidney Diseases and grant P30 DK111022 from the New York
Regional Center for Diabetes Translation Research (Dr Qi).

Role of the Funder/Sponsor: The funders had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

Disclaimer: The content of this article is solely the responsibility of the authors and does not necessarily reflect the
official views of any of the organizations with which the authors are affiliated.

Data Sharing Statement: See Supplement 2.

REFERENCES
1. Vespa J, Medina L, Armstrong DM. Demographic Turning Points for the United States: Population Projections for
2020 to 2060. US Census Bureau; 2023. Accessed December 1, 2023. https://www.census.gov/library/publications/
2020/demo/p25-1144.html

2. Centers for Disease Control and Prevention. Adult Obesity Facts, 2022. Centers for Disease Control and
Prevention; 2023. Accessed December 1, 2023. https://www.cdc.gov/obesity/data/adult.html

3. Blüher M. Obesity: global epidemiology and pathogenesis. Nat Rev Endocrinol. 2019;15(5):288-298. doi:10.
1038/s41574-019-0176-8

4. GBD 2019 Risk Factors Collaborators. Global burden of 87 risk factors in 204 countries and territories, 1990-
2019: a systematic analysis for the Global Burden of Disease Study 2019. Lancet. 2020;396(10258):1223-1249.
doi:10.1016/S0140-6736(20)30752-2

5. Aune D, Sen A, Prasad M, et al. BMI and all cause mortality: systematic review and non-linear dose-response
meta-analysis of 230 cohort studies with 3.74 million deaths among 30.3 million participants. BMJ. 2016;
353:i2156. doi:10.1136/bmj.i2156

6. Di Angelantonio E, Bhupathiraju SN, Wormser D, et al; Global BMI Mortality Collaboration. Body-mass index and
all-cause mortality: individual-participant-data meta-analysis of 239 prospective studies in four continents.
Lancet. 2016;388(10046):776-786. doi:10.1016/S0140-6736(16)30175-1

7. Jayedi A, Soltani S, Zargar MS, Khan TA, Shab-Bidar S. Central fatness and risk of all cause mortality: systematic
review and dose-response meta-analysis of 72 prospective cohort studies. BMJ. 2020;370:m3324. doi:10.1136/
bmj.m3324

JAMA Network Open | Diabetes and Endocrinology General or Central Obesity and Mortality Among US Hispanic and Latino Adults

JAMA Network Open. 2024;7(1):e2351070. doi:10.1001/jamanetworkopen.2023.51070 (Reprinted) January 16, 2024 12/15

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2023.51070&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.51070
https://www.census.gov/library/publications/2020/demo/p25-1144.html
https://www.census.gov/library/publications/2020/demo/p25-1144.html
https://www.cdc.gov/obesity/data/adult.html
https://dx.doi.org/10.1038/s41574-019-0176-8
https://dx.doi.org/10.1038/s41574-019-0176-8
https://dx.doi.org/10.1016/S0140-6736(20)30752-2
https://dx.doi.org/10.1136/bmj.i2156
https://dx.doi.org/10.1016/S0140-6736(16)30175-1
https://dx.doi.org/10.1136/bmj.m3324
https://dx.doi.org/10.1136/bmj.m3324


8. Lopez DS, Rohrmann S, Peskoe SB, et al. Racial/ethnic differences in the associations of overall and central body
fatness with circulating hormones and metabolic factors in US men. Int J Endocrinol Metab. 2017;15(2):e44926.
doi:10.5812/ijem.44926

9. Fernández JR, Heo M, Heymsfield SB, et al. Is percentage body fat differentially related to body mass index in
Hispanic Americans, African Americans, and European Americans? Am J Clin Nutr. 2003;77(1):71-75. doi:10.1093/
ajcn/77.1.71

10. Stults-Kolehmainen MA, Stanforth PR, Bartholomew JB, Lu T, Abolt CJ, Sinha R. DXA estimates of fat in
abdominal, trunk and hip regions varies by ethnicity in men. Nutr Diabetes. 2013;3(3):e64. doi:10.1038/nutd.
2013.5

11. Rodriguez CJ, Allison M, Daviglus ML, et al; American Heart Association Council on Epidemiology and
Prevention; American Heart Association Council on Clinical Cardiology; American Heart Association Council on
Cardiovascular and Stroke Nursing. Status of cardiovascular disease and stroke in Hispanics/Latinos in the United
States: a science advisory from the American Heart Association. Circulation. 2014;130(7):593-625. doi:10.1161/CIR.
0000000000000071

12. Chen Z, Klimentidis YC, Bea JW, et al. Body mass index, waist circumference, and mortality in a large
multiethnic postmenopausal cohort—results from the Women’s Health Initiative. J Am Geriatr Soc. 2017;65(9):
1907-1915. doi:10.1111/jgs.14790

13. Fontaine KR, McCubrey R, Mehta T, et al. Body mass index and mortality rate among Hispanic adults: a pooled
analysis of multiple epidemiologic data sets. Int J Obes (Lond). 2012;36(8):1121-1126. doi:10.1038/ijo.2011.194

14. Gnatiuc L, Alegre-Díaz J, Wade R, et al. General and abdominal adiposity and mortality in Mexico City:
a prospective study of 150 000 adults. Ann Intern Med. 2019;171(6):397-405. doi:10.7326/M18-3502

15. Howell CR, Mehta T, Ejima K, Ness KK, Cherrington A, Fontaine KR. Body composition and mortality in Mexican
American Adults: results from the National Health and Nutrition Examination Survey. Obesity (Silver Spring). 2018;
26(8):1372-1380. doi:10.1002/oby.22251

16. Jadhav R, Markides KS, Al Snih S. Body mass index and 12-year mortality among older Mexican Americans aged
75 years and older. BMC Geriatr. 2022;22(1):236. doi:10.1186/s12877-022-02945-4

17. Mehta T, McCubrey R, Pajewski NM, et al. Does obesity associate with mortality among Hispanic persons?
results from the National Health Interview Survey. Obesity (Silver Spring). 2013;21(7):1474-1477. doi:10.1002/
oby.20105

18. Connor AE, Baumgartner RN, Pinkston C, Baumgartner KB. Obesity and risk of breast cancer mortality in
Hispanic and Non-Hispanic white women: the New Mexico Women’s Health Study. J Womens Health (Larchmt).
2013;22(4):368-377. doi:10.1089/jwh.2012.4191

19. LaFromboise T, Coleman HLK, Gerton J. Psychological impact of biculturalism: evidence and theory. Psychol
Bull. 1993;114(3):395-412. doi:10.1037/0033-2909.114.3.395

20. WHO Consultation on Obesity, World Health Organization. Obesity: Preventing and Managing the Global
Epidemic: Report of a WHO Consultation. World Health Organization; 2000. Accessed July 21, 2021. https://apps.
who.int/iris/handle/10665/42330

21. World Health Organization. Waist Circumference and Waist-Hip Ratio: Report of a WHO Expert Consultation.
World Health Organization; 2011. Accessed December 1, 2024. https://www.who.int/publications/i/item/
9789241501491

22. Lavange LM, Kalsbeek WD, Sorlie PD, et al. Sample design and cohort selection in the Hispanic Community
Health Study/Study of Latinos. Ann Epidemiol. 2010;20(8):642-649. doi:10.1016/j.annepidem.2010.05.006

23. Sorlie PD, Avilés-Santa LM, Wassertheil-Smoller S, et al. Design and implementation of the Hispanic
Community Health Study/Study of Latinos. Ann Epidemiol. 2010;20(8):629-641. doi:10.1016/j.annepidem.2010.
03.015

24. Pirzada A, Cai J, Heiss G, et al. Evolving science on cardiovascular disease among Hispanic/Latino adults: JACC
International. J Am Coll Cardiol. 2023;81(15):1505-1520. doi:10.1016/j.jacc.2023.02.023

25. Wong WW, Strizich G, Heo M, et al. Relationship between body fat and BMI in a US Hispanic population-based
cohort study: results from HCHS/SOL. Obesity (Silver Spring). 2016;24(7):1561-1571. doi:10.1002/oby.21495

26. Guenther PM, Kirkpatrick SI, Reedy J, et al. The Healthy Eating Index–2010 is a valid and reliable measure of
diet quality according to the 2010 Dietary Guidelines for Americans. J Nutr. 2014;144(3):399-407. doi:10.3945/jn.
113.183079

27. Geng T, Li X, Ma H, Heianza Y, Qi L. Adherence to a healthy sleep pattern and risk of chronic kidney disease: the
UK Biobank Study. Mayo Clin Proc. 2022;97(1):68-77. doi:10.1016/j.mayocp.2021.08.028

JAMA Network Open | Diabetes and Endocrinology General or Central Obesity and Mortality Among US Hispanic and Latino Adults

JAMA Network Open. 2024;7(1):e2351070. doi:10.1001/jamanetworkopen.2023.51070 (Reprinted) January 16, 2024 13/15

https://dx.doi.org/10.5812/ijem.44926
https://dx.doi.org/10.1093/ajcn/77.1.71
https://dx.doi.org/10.1093/ajcn/77.1.71
https://dx.doi.org/10.1038/nutd.2013.5
https://dx.doi.org/10.1038/nutd.2013.5
https://dx.doi.org/10.1161/CIR.0000000000000071
https://dx.doi.org/10.1161/CIR.0000000000000071
https://dx.doi.org/10.1111/jgs.14790
https://dx.doi.org/10.1038/ijo.2011.194
https://dx.doi.org/10.7326/M18-3502
https://dx.doi.org/10.1002/oby.22251
https://dx.doi.org/10.1186/s12877-022-02945-4
https://dx.doi.org/10.1002/oby.20105
https://dx.doi.org/10.1002/oby.20105
https://dx.doi.org/10.1089/jwh.2012.4191
https://dx.doi.org/10.1037/0033-2909.114.3.395
https://apps.who.int/iris/handle/10665/42330
https://apps.who.int/iris/handle/10665/42330
https://www.who.int/publications/i/item/9789241501491
https://www.who.int/publications/i/item/9789241501491
https://dx.doi.org/10.1016/j.annepidem.2010.05.006
https://dx.doi.org/10.1016/j.annepidem.2010.03.015
https://dx.doi.org/10.1016/j.annepidem.2010.03.015
https://dx.doi.org/10.1016/j.jacc.2023.02.023
https://dx.doi.org/10.1002/oby.21495
https://dx.doi.org/10.3945/jn.113.183079
https://dx.doi.org/10.3945/jn.113.183079
https://dx.doi.org/10.1016/j.mayocp.2021.08.028


28. Desquilbet L, Mariotti F. Dose-response analyses using restricted cubic spline functions in public health
research. Stat Med. 2010;29(9):1037-1057. doi:10.1002/sim.3841

29. Kandula NR, Diez-Roux AV, Chan C, et al. Association of acculturation levels and prevalence of diabetes in the
Multi-Ethnic Study of Atherosclerosis (MESA). Diabetes Care. 2008;31(8):1621-1628. doi:10.2337/dc07-2182

30. Lin DY, Ying Z. Semiparametric analysis of the additive risk model. Biometrika. 1994;81(1):61-71. doi:10.1093/
biomet/81.1.61

31. Rod NH, Lange T, Andersen I, Marott JL, Diderichsen F. Additive interaction in survival analysis: use of the
additive hazards model. Epidemiology. 2012;23(5):733-737. doi:10.1097/EDE.0b013e31825fa218

32. Winsløw UC, Rode L, Nordestgaard BG. High tobacco consumption lowers body weight: a Mendelian
randomization study of the Copenhagen General Population Study. Int J Epidemiol. 2015;44(2):540-550. doi:10.
1093/ije/dyu276

33. Yuan Y. Multiple imputation using SAS software. J Stat Softw. 2011;45(6):1-25. doi:10.18637/jss.v045.i06

34. Chang E, Varghese M, Singer K. Gender and sex differences in adipose tissue. Curr Diab Rep. 2018;18(9):69.
doi:10.1007/s11892-018-1031-3

35. de Koning L, Merchant AT, Pogue J, Anand SS. Waist circumference and waist-to-hip ratio as predictors of
cardiovascular events: meta-regression analysis of prospective studies. Eur Heart J. 2007;28(7):850-856. doi:10.
1093/eurheartj/ehm026

36. Meisinger C, Döring A, Thorand B, Heier M, Löwel H. Body fat distribution and risk of type 2 diabetes in the
general population: are there differences between men and women? The MONICA/KORA Augsburg cohort study.
Am J Clin Nutr. 2006;84(3):483-489. doi:10.1093/ajcn/84.3.483

37. Fox CS, Massaro JM, Hoffmann U, et al. Abdominal visceral and subcutaneous adipose tissue compartments:
association with metabolic risk factors in the Framingham Heart Study. Circulation. 2007;116(1):39-48. doi:10.1161/
CIRCULATIONAHA.106.675355

38. Karlsson T, Rask-Andersen M, Pan G, et al. Contribution of genetics to visceral adiposity and its relation to
cardiovascular and metabolic disease. Nat Med. 2019;25(9):1390-1395. doi:10.1038/s41591-019-0563-7

39. Khan SS, Ning H, Wilkins JT, et al. Association of body mass index with lifetime risk of cardiovascular disease
and compression of morbidity. JAMA Cardiol. 2018;3(4):280-287. doi:10.1001/jamacardio.2018.0022

40. Li C, Engström G, Hedblad B, Calling S, Berglund G, Janzon L. Sex differences in the relationships between
BMI, WHR and incidence of cardiovascular disease: a population-based cohort study. Int J Obes (Lond). 2006;30
(12):1775-1781. doi:10.1038/sj.ijo.0803339

41. Kim MS, Kim WJ, Khera AV, et al. Association between adiposity and cardiovascular outcomes: an umbrella
review and meta-analysis of observational and mendelian randomization studies. Eur Heart J. 2021;42(34):
3388-3403. doi:10.1093/eurheartj/ehab454

42. Perreault L, Ma Y, Dagogo-Jack S, et al; Diabetes Prevention Program. Sex differences in diabetes risk and the
effect of intensive lifestyle modification in the Diabetes Prevention Program. Diabetes Care. 2008;31(7):
1416-1421. doi:10.2337/dc07-2390

43. Renehan AG, Tyson M, Egger M, Heller RF, Zwahlen M. Body-mass index and incidence of cancer: a systematic
review and meta-analysis of prospective observational studies. Lancet. 2008;371(9612):569-578. doi:10.1016/
S0140-6736(08)60269-X

44. Lovejoy JC, Sainsbury A; Stock Conference 2008 Working Group. Sex differences in obesity and the
regulation of energy homeostasis. Obes Rev. 2009;10(2):154-167. doi:10.1111/j.1467-789X.2008.00529.x

45. Zorena K, Jachimowicz-Duda O, Ślęzak D, Robakowska M, Mrugacz M. Adipokines and obesity. potential link
to metabolic disorders and chronic complications. Int J Mol Sci. 2020;21(10):3570. doi:10.3390/ijms21103570

46. Nakamura Y, Shimada K, Fukuda D, et al. Implications of plasma concentrations of adiponectin in patients with
coronary artery disease. Heart. 2004;90(5):528-533. doi:10.1136/hrt.2003.011114

47. Park J, Morley TS, Kim M, Clegg DJ, Scherer PE. Obesity and cancer—mechanisms underlying tumour
progression and recurrence. Nat Rev Endocrinol. 2014;10(8):455-465. doi:10.1038/nrendo.2014.94

48. Karastergiou K, Smith SR, Greenberg AS, Fried SK. Sex differences in human adipose tissues—the biology of
pear shape. Biol Sex Differ. 2012;3(1):13. doi:10.1186/2042-6410-3-13

49. Kasprzak A. Insulin-like growth factor 1 (IGF-1) signaling in glucose metabolism in colorectal cancer. Int J Mol
Sci. 2021;22(12):6434. doi:10.3390/ijms22126434

50. Sherlala RA, Kammerer CM, Kuipers AL, et al. Relationship between serum IGF-1 and BMI differs by age.
J Gerontol A Biol Sci Med Sci. 2021;76(7):1303-1308. doi:10.1093/gerona/glaa282

JAMA Network Open | Diabetes and Endocrinology General or Central Obesity and Mortality Among US Hispanic and Latino Adults

JAMA Network Open. 2024;7(1):e2351070. doi:10.1001/jamanetworkopen.2023.51070 (Reprinted) January 16, 2024 14/15

https://dx.doi.org/10.1002/sim.3841
https://dx.doi.org/10.2337/dc07-2182
https://dx.doi.org/10.1093/biomet/81.1.61
https://dx.doi.org/10.1093/biomet/81.1.61
https://dx.doi.org/10.1097/EDE.0b013e31825fa218
https://dx.doi.org/10.1093/ije/dyu276
https://dx.doi.org/10.1093/ije/dyu276
https://dx.doi.org/10.18637/jss.v045.i06
https://dx.doi.org/10.1007/s11892-018-1031-3
https://dx.doi.org/10.1093/eurheartj/ehm026
https://dx.doi.org/10.1093/eurheartj/ehm026
https://dx.doi.org/10.1093/ajcn/84.3.483
https://dx.doi.org/10.1161/CIRCULATIONAHA.106.675355
https://dx.doi.org/10.1161/CIRCULATIONAHA.106.675355
https://dx.doi.org/10.1038/s41591-019-0563-7
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamacardio.2018.0022&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2023.51070
https://dx.doi.org/10.1038/sj.ijo.0803339
https://dx.doi.org/10.1093/eurheartj/ehab454
https://dx.doi.org/10.2337/dc07-2390
https://dx.doi.org/10.1016/S0140-6736(08)60269-X
https://dx.doi.org/10.1016/S0140-6736(08)60269-X
https://dx.doi.org/10.1111/j.1467-789X.2008.00529.x
https://dx.doi.org/10.3390/ijms21103570
https://dx.doi.org/10.1136/hrt.2003.011114
https://dx.doi.org/10.1038/nrendo.2014.94
https://dx.doi.org/10.1186/2042-6410-3-13
https://dx.doi.org/10.3390/ijms22126434
https://dx.doi.org/10.1093/gerona/glaa282


SUPPLEMENT 1.
eMethods. Supplemental Methods
eFigure 1. Flow Chart of the Study
eFigure 2. Correlation Between Different Obesity Indicators
eFigure 3. Nonlinear Dose-Response Associations Between Different Obesity Parameters and Mortality
eFigure 4. Associations Between Different Obesity Parameters and Mortality: Subgroup Analyses
eTable 1. Corrected Body Fat Percentage Corresponding to Body Mass Index Cutoffs by Sex, Age, and Hispanic/
Latino Background
eTable 2. Baseline Characteristics of Study Population by Body Mass Index Groups
eTable 3. Associations Between Different Obesity Parameters and Mortality
eTable 4. Hazard Ratios (95% Confidence Intervals) Related to Different Obesity Parameters for Mortality:
Sensitivity Analyses
eTable 5. Distribution of Risk Factors by Sex and Obesity Parameters
eTable 6. Distribution of Risk Factors by Body Mass Index and Waist-to-Hip Ratio
eTable 7. Prevalence of Groups With Different Body Mass Index and Waist-to-Hip Ratio

SUPPLEMENT 2.
Data Sharing Statement

JAMA Network Open | Diabetes and Endocrinology General or Central Obesity and Mortality Among US Hispanic and Latino Adults

JAMA Network Open. 2024;7(1):e2351070. doi:10.1001/jamanetworkopen.2023.51070 (Reprinted) January 16, 2024 15/15


