1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

"% NIH Public Access
éf}}‘ Author Manuscript

2 Hepst

NATTG,

O

Published in final edited form as:
Am J Hum Biol. 2014 September 10; 26(5): 627-634. doi:10.1002/ajhb.22573.

Exploring secular changes in the association between BMI and
waist circumference in Mexican-origin and white women: a
comparison of Mexico and the United States

Sandra S. Albrecht!2, Simon Barquera3, and Barry M. Popkin-2
1Carolina Population Center, University of North Carolina, Chapel Hill, NC, USA

2Department of Nutrition, Gillings School of Global Public Health, University of North Carolina,
Chapel Hill, NC, USA

3Instituto Nacional de Salud Publica, Cuernavaca, Mexico

Abstract

Objectives—BMI and waist circumference (WC) tend to be highly correlated, but changes in
lifestyle behaviors may promote greater accumulation of abdominal fat for the same BMI in recent
years. We examined secular shifts in BMI and WC distributions, and investigated whether WC for
a given BMI has changed over time among Mexican-origin women in Mexico and the U.S., and in
U.S. white women as a comparison.

Methods—Nationally-representative surveys for women aged 20-49 years from Mexico (1988,
1999, and 2012) (n=37116) and the US (1988-1994, 1999-2002, and 2007-2010) (n=6985) were
used. Quantile regressions estimated age-adjusted changes in BMI and WC across years; linear
regression tested changes in mean WC over time, adjusting for age and BMI.

Results—In all women, BMI and WC at most centiles increased over time. WC was also
significantly higher over time for the same BMI, though the increase was largest in Mexican
women. For example, WC was 6.7 cm (standard error (SE): 0.17, p<0.0001) higher in 2012 than
in 1999 among Mexican women, holding age and BMI constant. Estimates were smaller in
magnitude for Mexican-American and white women (~3 cm, p<0.01), even when comparing over
a longer timeframe (1988-1994 to 2007-2010). In all groups, WC adjusted for BMI increased to a
larger extent among younger cohorts.

Conclusion—WC for the same BMI has increased in Mexican-American, white, and Mexican
women of reproductive age. These patterns may have implications for future cardio-metabolic
burden in Mexico and the US.
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INTRODUCTION

Obesity is a global concern and is considered a major cause of insulin resistance and
cardiovascular disease (CVD) (American Institute for Cancer Research 2007; Swinburn et
al. 2011; Wang et al. 2011; Popkin et al. 2013; Malik et al. 2013). Although body mass
index (BMI) is an incomplete measure of adiposity, globally, it is the most widely used
indicator due to its practicality and ease of measurement (WHO 1995).

Waist circumference (WC) has been used as a measure of abdominal obesity because it is
well-correlated with underlying visceral fat, and is highly associated with type 2 diabetes
and inflammatory diseases (Ness-Abramof et al. 2008; Balkau et al. 2007). However,
despite the appeal of WC as a good discriminator of individuals at high cardiovascular risk,
it remains unclear whether it provides any additional information in cases where BMI is
already available. Several reviews have summarized studies examining the superiority of
BMI, WC, and other anthropometric indicators in the prediction of outcomes related to type
2 diabetes, CVD, and mortality (Vazquez et al. 2007; Qiao et al. 2010; Huxley et al. 2010;
Lee et al. 2008). Many studies did not support the notion that one indicator is better than
another in terms of its discriminatory capabilities. The reason for this is that BMI and WC
tend to be highly correlated, and thus perform similarly in health risk prediction.

However there is increasing evidence that the relationship between BMI and WC is
changing over time. For example, studies using data from Canada and China have shown
that WC for a given level of BMI is higher in more recent years (Janssen et al. 2012; Popkin
et al. 2013) If the same BMI is associated with different WC within the same population at
different points in time, then what was true in the past about their interchangeability as
predictors of health risk may not be true today.

Higher WC has been linked with increased sedentary activity and with diets high in sugar
and energy dense foods (Tchernof et al. 2013). These changes in lifestyle behaviors may
drive greater accumulation of abdominal fat for a given level of BMI, and thereby account
for the secular change in the BMI-WC association. These same shifts in lifestyle behaviors
have been observed in Mexican-origin populations both in Mexico and the U.S. (Medina et
al. 2013; Barquera et al. 2013; Crespo et al. 2000; Fryar et al. 2012). However, although a
high prevalence of obesity has been extensively documented, it is unknown whether this
pattern has been accompanied by increases in WC over time for the same BMI in these
populations. Using nationally-representative data among Mexican-origin reproductive aged
women in Mexico and the U.S., and among U.S. white women as a comparison, we
examined secular shifts in BMI and WC distributions, and investigated whether WC for a
given BMI has changed over the past decade in each country. Mexican-origin individuals
carry a disproportionate burden of type 2 diabetes and cardio-metabolic complications
(Cowie et al. 2009; Villalpando et al 2010; Barquera et al. 2009; Flegal et al 2012; FAO
2013). Examining patterns among this high-risk ethnic population both in the country of
origin, and in the country to which they migrate, may provide insight into the factors that
underlie their high burden of chronic disease (Agyemang et al. 2012).
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SUBJECTS AND METHODS

Data came from three nationally representative nutrition health surveys in Mexico and from
the National Health and Nutrition Examination Surveys (NHANES) in the U.S. The
Ensuesta Nacional de Nutricion (ENN) 1988, ENN 1999, and the Encuesta Nacional de
Salud y Nutricion (ENSANUT) 2012 are cross-sectional, multi-stage, stratified, cluster
sampling representative surveys conducted by Mexico’s Instituto Nacional de Nutricion
(INSP) (National Institute of Public Health). The design and methods have been described
elsewhere (Resano-Perez et al. 2003; Olaiz-Fernandez et al. 2006; Romero-Martinez et al.
2013). Data collection was approved by Mexico’s National Institute of Public Health
Internal Review Board and all participants gave informed consent. All surveys collected data
on socio-economic and demographic family characteristics, acute and chronic morbidity,
nutritional status and dietary intake in a set of subsamples. ENN 1988 and ENN 1999
included women of reproductive age (12-49 years) and their live children. ENSANUT 2012
included both men and women across a larger age distribution. Subjects for this
investigation included non-pregnant women aged 20-49 years.

Data for the U.S. came from successive waves of the third National Health and Nutrition
Examination Survey (NHANES) 111 (1988-1994), and the continuous NHANES
(1999-2010). NHANES is a series of cross-sectional nationally representative health
examination surveys beginning in 1960. In each survey, a nationally representative sample
of the U.S. civilian non-institutionalized population was selected using a complex, stratified
multi-stage probability cluster sampling design (CDC, 2013). NHANES |1l was conducted
between 1988 and 1994; and was designed so that the entire six years was a national
probability sample. In 1999, NHANES became a continuous survey, in which approximately
5,000 individuals of all ages completed the health examination component of the survey
each year. The continuous surveys, a series of repeated cross-sections, are available in two-
year blocks (e.g. 1999-2000, 2001-2002, etc.). There were two phases of data collection: in
the first phase, researchers collected information from household interviews on
demographics, socioeconomic indicators, past medical history, and health behaviors. In the
second phase, participants were administered a physical examination in a mobile
examination center. The National Center for Health Statistics ethics review board reviewed
and approved the survey, and participants gave informed consent before participation.

To achieve sufficient sample sizes, we pooled NHANES data to represent the three time
points that most closely corresponded to the years represented in the Mexican data:
1988-1994 (NHANES I111), 1999-2002 (continuous NHANES), and 2007-2010 (continuous
NHANES). We restricted the sample to adult, non-pregnant women aged 20-49 who self-
identified as Mexican/Mexican-American or white.

In both the Mexico health surveys and NHANES, trained personnel used a standardized
protocol to collect anthropometric measurements. Height was measured in centimeters while
the participant stood without shoes, and weight was measured in kilograms while the
participant stood without shoes and in light clothing. BMI was calculated as weight in
kilograms over height in meters squared. WC was measured in centimeters at the midpoint
between the bottom of the ribs and the top of the iliac crest. WC was not measured in the
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ENN 1988 survey, thus all analyses involving WC in Mexico included only the ENN 1999
and ENSANUT 2012 surveys. For descriptive purposes, BMI was used to classify
participants as underweight, normal, overweight, obese, and severely obese (<18.5, 18.5—
24.9, 25.0-29.9, 30.0-39.9, > 40.0 kg/m? respectively) (NHLBI 1998). WC > 88 cm was
used to classify participants as abdominally obese based on WHO criteria (Alberti et al.
1998). Data for the present analyses included females aged 20-49 years, excluding pregnant
women, with measured data available on weight, height and WC yielding the following
sample sizes across each of the surveys: ENN 1988 (n=10832), ENN 1999 (n=12530),
ENSANUT 2012 (n=13754), NHANES I11 (n=1376 (Mexican-American), n=1454 (white)),
NHANES 1999-2002 (n=747 (Mexican-American), n=1626 (white)), NHANES 2007-2010
(n=558 (Mexican-American), n=1224 (white)).

Appropriate sampling weights were incorporated to produce national population estimates
for Mexican-Americans and U.S. whites and for Mexican women in each survey period.
Sampling weights accounted for unequal probabilities of selection, non-response, and non-
coverage. All analyses were conducted using Stata software, version 12.1 (Stata Corp,
College Station, Texas). The SVY module was used in all descriptive and linear regression
analysis to account for the complex sampling design. To facilitate comparisons across
survey years and across U.S. and Mexico data, descriptive estimates were age-standardized
by the direct method to the year 2000 US Census population using the age groups 20-29
years, 30-39 years, and 40-49 years (Klein RJ et al. 2001).

In the first set of regression analyses, we used quantile regressions to evaluate whether BMI
and WC values increased across survey years at pre-specified centiles of the sample
distributions (5!, 50t and 95t). All models were adjusted for age and age-squared (as
continuous variables), and survey year (as a categorical variable). We compared BMI and
WC values at each of the centiles across survey years and estimated standard errors using
1000 bootstrap replications. Statistical tests were 2-sided and a P value of less than 0.05 was
considered statistically significant. Predicted values for BMI and WC at each of the centiles
were calculated across survey years using model coefficients.

In a second set of analyses, we used linear regression to estimate mean difference in WC
over time relative to BMI level, adjusting for age and survey year. We used graphical
methods to evaluate linearity between WC and BMI and between WC and age. The
relationship between WC and BMI was curvi-linear, thus we included a BMI-squared term
in all models. To facilitate interpretation, age was centered to age 20 years, and BMI was
centered at 25 kg/m?2. We also investigated whether change in WC over time, adjusted for
BMI, varied by age (categorized as 20-29 years, 30-39 years, and 40-49 years) or by BMI
level. To do this, we tested interactions between age and survey year and between BMI and
survey year. Since a higher WC over time for the same BMI could also be a function of
increasing height, we also tested the robustness of our model results by adjusting for height
in sensitivity analyses.
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Age-adjusted mean weight, BMI, and WC increased over time among reproductive-aged
women in Mexico, and among Mexican-Americans and whites in the U.S. (Table 1). Mean
height also increased significantly, but only in Mexico and among U.S. white women. While
Mexican-American women consistently had the highest mean BMI and WC relative to both
white and Mexican women, over time, mean BMI and WC increased to the greatest extent
among Mexican women. For example, mean WC increased by 9.2 cm from 1999 (82.1 cm)
to 2012 (91.2 cm) among Mexican women; in the U.S., mean WC increased by about 4-5
cm in 2007-2010 compared to 1999-2002 for both Mexican-Americans and whites. Despite
the large increase in mean WC among Mexican women, between 1999 and 2012, mean BMI
only increased by 1.5 kg/m? (1999: BMI=27.4 kg/m?; 2012: BMI=28.9 kg/m?). There were
also considerable increases over time in obesity, severe obesity, and especially abdominal
obesity in Mexican women.

We next described changes in the distribution of BMI and WC over time in Mexico and the
U.S. Predicted values at the 5, 501", and 95! centiles were calculated using model
coefficients from quantile regression analyses and results are shown in Tables 2 (BMI) and 3
(WC) for a given Mexican, Mexican-American, and U.S. white woman at age 20 years.
Among Mexican women, across all centiles, BMI values were statistically significantly
higher in 2012 relative to 1988, though the magnitude of increase was largest at the 951
centile (+6.3 kg/m2, comparing survey years 2012 and 1988) (Table 2). Among Mexican-
American and white women, although BMI was higher in successive years across most
centiles, the magnitudes were smaller than they were for Mexican women. However both
groups of U.S. women also started at higher BMI values in 1988-1994.

WC was statistically significantly higher over time across all centiles and across all three
groups of women (Table 3). WC increased monotonically across the centiles, though the
magnitude of increase was large even at the 5" centile for all women. Comparing across
similar time frames (Mexico: 1999 to 2012; U.S.: 1999-2002 to 2007-2010), WC values at
the 95t centile increased the most for Mexican women (+11.9 cm), followed by white
(+10.7 cm) and Mexican-American women (+6.1 cm).

Table 4 presents results of linear regression models estimating mean difference in WC over
time relative to BMI. The intercept represents the predicted WC for a woman aged 20 years
with a BMI of 25 kg/m? for the referent survey year (Mexico: ref=1999; U.S.:
ref=1988-1994). Among Mexican women, the survey year coefficient indicates that WC was
6.7 cm higher in 2012 than in 1999, controlling for age and BMI. Patterns were similar,
though smaller in magnitude for Mexican-American (§=2.72; standard error (SE)=0.37) and
white women (p=2.91; SE=0.31), despite the longer time frame under study. Moreover,
there was little difference in magnitude between Mexican-American and white women.
Much of the increase in the U.S. was also more apparent during the period between
1999-2002 and 2007-2010 than between 1988-1994 and 1999-2002. Patterns were similar
and remained statistically significant after adjustment for height in all models, though
coefficients were slightly smaller after accounting for change in frame size over time (not
shown).
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There were statistically significant interactions between age (categorized as 20-29, 30-39
and 40-49 years) and survey year for all three subpopulations of women and between BMI
and survey year among Mexican women. To facilitate interpretation, predicted values for
WC were computed from coefficients in models that included these interaction terms.
Results are presented stratified by each of the subpopulations in Figures 1-3. Although WC
adjusted for BMI was higher among women of all ages and BMI levels, in Mexico, the
magnitude was significantly larger in younger women (Figures 1A and 1B). For example, at
age 20-29 years and BMI=35, WC was 9.1 cm higher in 2012 (predicted WC=103.6 cm)
than in 1999, whereas among 40-49 year olds, the corresponding difference was 8.0 cm.
Although estimates were slightly smaller after accounting for the taller height of younger
cohorts in more recent years, there was still evidence of larger, statistically significant
increases in WC among younger women relative to older women (not shown). Across all
ages, WC increased from 1999 to 2012 to a greater extent among women with higher BMI
levels (BMI*survey year interaction: p-value <0.0001). Analogously, this interaction also
indicates that a one unit increase in BMI was associated with even larger increases in WC in
2012 compared to 1999. Among U.S. women, patterns were similar though smaller in
magnitude for both Mexican-Americans and whites (Figures 2 and 3). There was also no
evidence of a statistically significant interaction between BMI and survey year.
Nevertheless, despite smaller increases in WC over time for a given BMI than those found
for Mexican women, even at a BMI of 25 kg/m?, the WC of both Mexican-American and
U.S. white women was just under the 88 cm cutoff for abdominal obesity by 2007-2010.

DISCUSSION

Using nationally-representative data from the U.S. and Mexico, our results indicated that
BMI and WC were higher over time across all centiles of the sample distribution for
Mexican women of reproductive age. These patterns were also evident, but to a smaller
extent, among Mexican-American, and U.S. white women, and were more pronounced for
WC than for BMI. Another key finding was that the same level of BMI corresponded to a
higher mean WC in more recent years, providing evidence of a secular change in the
association between BMI and WC. This pattern extended to all three subpopulations of
women and was largest in magnitude among younger women, suggesting an important
cohort effect with the potential for long-term cardio-metabolic complications for this
segment of the population. Nevertheless, Mexican women appeared to have the largest
secular increases in WC for a given BMI level, despite the shorter time period evaluated.
Moreover, among only Mexican women, there was evidence that a unit increase in BMI
corresponded to even larger increases in WC in more recent years.

These findings are consistent with a few recent studies that have documented a pattern of
increasing WC for BMI in other countries. Janssen et al. showed that Canadian children and
adults had a higher WC in 2007-2009 than similarly aged Canadians with the same BMI in
1981 (Janssen et al. 2012). In other work, Popkin and Slining documented WC increases of
2-4 cm for the same BMI over an 18 year period in China (Popkin et al. 2013). There is also
evidence among U.S. adults that WC has increased more quickly than BMI, and that WC
was higher between 1988-1994 and 2003-2004 across various categories of BMI (Li et al.
2007). Taken together, these results suggest that, in addition to rising BMI, an emerging
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global concern may be a shift to increasing abdominal adiposity — indicated by higher WC —
for a given BMI.

Body fat, particularly when abdominally deposited, has been associated with type 2 diabetes
and increased risk of CVD (Balkau et al. 2007). Although the physiological mechanism
linking abdominal fat to CVD risk remains a subject of much research, visceral adipocytes
are thought to be hormonally active, secreting inflammatory mediators that play a role in
insulin resistance and endothelial dysfunction (Tchernof et al. 2013). In reproductive-aged
women, abdominal obesity imposes additional burdens. Excess abdominal fat in pregnant
women has been linked to gestational diabetes and other maternal/fetal complications.
Research also suggests that the offspring of mothers with excess abdominal fat may be
vulnerable to obesity and type 2 diabetes later in life (Leddy et al. 2008). Thus, the patterns
we describe among reproductive aged women in the U.S. and Mexico may also have cardio-
metabolic implications for future generations. Nonetheless, further research will be
necessary to characterize the potential health implications of a higher mean WC for the same
BMI, since WC does not distinguish between subcutaneous and visceral fat, the latter of
which has been more closely linked to cardio-metabolic risk (Liu et al. 2010).

Our findings have important implications for the debate regarding the utility of WC for
assessing CVD risk when BMI is already available. Several reviews have concluded that
WC adds no additional information beyond BMI, since the two measures tend to be highly
correlated (Vazquez et al. 2007; Qiao et al. 2010; Huxley et al. 2010). However, our results,
and those of previous studies (Janssen et al. 2012; Popkin et al. 2013), show that the
relationship between BMI and WC has been changing over time. For example in Mexico, in
1999, a BMI at the threshold for overweight (25 kg/m?) equated to a mean WC of
approximately 76 cm. In 2012, that same BMI was associated with a WC of almost 83 c¢cm,
which is above the 80 cm female cutoff for abdominal obesity recommended by the
International Diabetes Federation (Alberti et al. 2009), and the cutoff adopted by Mexico.
Our U.S. data also indicated that in 2007-2010, a BMI of 25 kg/m? corresponded to a mean
W(C that was approaching the 88 cm threshold used in the U.S. to define for abdominal
obesity. If WC for BMI continues to increase at the same pace, even BMI values within the
‘normal’ range could potentially be associated with WC values that exceed thresholds for
abdominal obesity. Assuming these WC cutoffs are clinically meaningful, then relying on
BMI alone may underestimate future cardiovascular risk in populations where patterns of
increasing WC for BMI are most prominent.

There are likely to be many reasons underlying the patterns we describe. Increases in energy
intake and excessive consumption of fructose accompanied by an increasing tendency
toward sedentary behavior potentially contribute to these trends (Stanhope et al. 2008;
Romaguera et al. 2010; Ismail et al. 2012; Stanhope 2012). In the U.S., these changes to diet
and activity have been extensively documented (Reedy et al. 2010; Krebs-Smith et al. 2010;
Ng et al. 2012). In Mexico and in other countries experiencing economic development,
similar changes have been noted, but at greater speeds and in earlier stages of development
(Rivera et al. 2006; Popkin et al. 2004). This rapid shift in lifestyle behaviors may explain
why WC relative to BMI increased to such a considerable extent in Mexican women. Other
factors that promote the accumulation of abdominal fat include hormonal changes, increased
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stress, and genetic susceptibility (Tchernof et al. 2013). Some populations are thought to be
more vulnerable to abdominal fat deposition especially in the context of unhealthy lifestyle
behaviors and the environments that promote them. Ethnic differences in health risks for the
same BMI have been previously noted (Diaz et al. 2007; Colin Bell et al. 2002; Zhang et al.
2009), as have ethnic differences in the components of body composition (Wells 2012;
Deurenberg et al. 2002; Deurenberg-Yap et al. 2002). For example, Mexican-Americans
have been shown to have a persistently higher prevalence of diabetes relative to whites, even
after adjustment for BMI (Zhang et al. 2009). A greater tendency towards abdominal fat
deposition among Mexican-origin individuals is one mechanism thought to underlie this
pattern. However, we observed a similar pattern of increasing WC for BMI over time in both
Mexican-American and white women. These findings suggest that there may be
environmental factors contributing to changes in the BMI-WC association; future research
will be necessary to fully identify contributing factors.

Our study had several strengths. First, our data are nationally representative of the U.S. and
Mexico, and span a long period of time; the patterns we report are the patterns that were
actually experienced by the populations in these countries over recent decades. Second, our
anthropometric indicators were clinically measured, and so are not vulnerable to the kinds of
validity and reliability problems inherent to self-reported measures. Along these lines, we
also had WC measurements on a sufficiently large sample of women which is an advantage
as WC is often not collected in many country-level health surveys.

There were also limitations. We only had reliable BMI and WC data over time on women of
reproductive age in Mexico, precluding analyses among men or among women of other age
groups. In the Mexico surveys, we also did not have data on other measures of body
composition which may be more sensitive to adiposity such total body fat, % body fat, or
skinfold thickness. Future studies should consider using other body compaosition measures if
available. Although NHANES data is intended to be nationally representative, it is unclear
how representative it is of all Mexican-Americans. The undocumented are estimated to
constitute more than half of the Mexican immigrant population in the U.S. (Pew Hispanic
Center 2011), and NHANES likely misses a large fraction of this important subgroup.
Studies have also shown that immigrants regardless of status are under-represented in health
surveys (Carlsson et al. 2006; Livingston et al. 1997), and subjects who do participate tend
to be healthier than non-participants (Jacomb et al. 2002; Ohlson et al. 1985). If this is the
case, our results may be underestimating the degree of change in WC for BMI, particularly
in Mexican-Americans.

In summary, we documented a trend of increasing mean WC for a given level of BMI
among Mexican-American and white women in the U.S., and among women in Mexico.
This pattern was more pronounced among younger cohorts and among women in Mexico
more generally. Future research will be needed to evaluate the implications for future
cardiovascular risk in Mexico and the U.S., and for future generations given the risks to
women of reproductive age. Research to understand the determinants of increasing WC for
the same BMI will also be needed.
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Figure 1.
Predicted mean WC (cm) by BMI (kg/m?) in 2012 compared to 1999 using linear

regression, Mexican females. A) Aged 20-29 years; B) Aged 40-49 years. Data are derived
from the Mexican Health Surveys (Ensuesta Nacional de Nutricion (ENN) 1999 and
Encuesta Nacional de Salud y Nutricion (ENSANUT) 2012). Panels A and B show results
from single linear regression model that includes: age (categorized: 20-29, 30-39 40-49
years), BMI (continuous), BMI-squared, year, age*year, BMI*year, BMI-squared*year. For
brevity, results among females aged 30-39 years omitted from figures. Age*time interaction:
p<0.0001; BMI*time interaction: p<0.0001. *p<0.05, compares survey years 2012 to 1999.
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Figure2.

Predicted mean WC (cm) by BMI (kg/m?2) in 2007-2010 compared to 1988-1994 using
linear regression, Mexican-American females. A) Aged 20-29 years; B) Aged 40-49 years.
Data are derived from the U.S. National Health and Nutrition Examination Surveys
(1988-1994; 1999-2002; 2007-2010). Panels A and B show results from single linear
regression model that includes: age (categorized: 20-29, 30-39 40-49 years), BMI
(continuous), BMI-squared, year, age*year, BMI*year, BMI-squared*year. For brevity,
results among females aged 30-39 years omitted from figures. Age*time interaction:
p<0.0001. *p<0.05, compares survey years 2007-2010 to 1988-1994.
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Figure 3.
Predicted mean WC (cm) by BMI (kg/m?2) in 2007-2010 compared to 1988-1994 using

linear regression, U.S. white females. A) Aged 20-29 years; B) Aged 40-49 years. Data are
derived from the U.S. National Health and Nutrition Examination Surveys (1988-1994;
1999-2002; 2007-2010). Panels A and B show results from single linear regression model
that includes: age (categorized: 20-29, 30-39 40-49 years), BMI (continuous), BMI-squared,
year, age*year, BMI*year, BMI-squared*year. For brevity, results among females aged
30-39 years omitted from figures. Age*time interaction: p<0.0001. *p<0.05, compares
survey years 2007-2010 to 1988-1994.
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Predicted BMI (kg/m?2) over time across centiles of the distribution, Mexican, Mexican-American, and U.S.
white females aged 20 years

5th centile | 50th centile | 95th centile
Mexico
1988 16.1 20.5 28.3
1999 18.0 234 32.2
2012 18.7 245 34.6
Difference (tig99-t1938) 1.9" 29" 3.9"
Difference (tz012-t1999) 0.7" 1.1% 23"
Difference (tz012-t198s) 26" 40" 63"
United States
Mexican-Americans
1988-1994 185 24.3 35.7
1999-2002 18.8 24.3 36.4
2007-2010 19.3 254 37.0
Difference (tiggo-t19sg) 0.3 0 0.7
Difference (tgo7-t1o99) 0.5 1171 0.6
Difference (to007-t1088) 08t 11t 1.3
whites
1988-1994 17.8 217 34.6
1999-2002 18.2 22.9 36.4
2007-2010 18.2 242 39.8
Difference (tiggo-t108s) 0.4% 1.2* 1.8t
Difference (ta007-t1900) 0 13" 341
Difference (tao07-t1988) 0.4% 25" 52"

Data are derived from the Mexican Health Surveys (Ensuesta Nacional de Nutricion (ENN) 1988, ENN 1999, and Encuesta Nacional de Salud y
Nutricion (ENSANUT) 2012) and the U.S. National Health and Nutrition Examination Surveys (1988-1994; 1999-2002; 2007-2010). Sample
includes adult, non-pregnant females aged 20-49 years.

All models adjust for age, age-squared, and survey year in quantile regression analyses.

Age centered at age 20 years

*
p<0.0001,

To<o.01,

¢p<0.05
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Predicted waist circumference (cm) over time across centiles of the distribution, Mexican, Mexican-American,
and U.S. white females aged 20 years

5th centile | 50th centile | 95th centile
Mexico
1999 59.6 73.2 94.7
2012 65.7 814 106.6

Difference (tz012-t1999) 6.1" 8.2" 11.9%
United States
Mexican-Americans

1988-1994 66.1 83.8 105.6

1999-2002 66.8 84.8 107.5

2007-2010 69.5 87.9 113.6
Difference (tiggo-t19gg) 0.7 1.0 1.9
Difference (ta007-t1990) 2.7% 3af 6.1¥
Difference (tao07-t1988) 3.4t 41" 7.9t
whites

1988-1994 65.0 745 107.1

1999-2002 66.9 78.1 107.8

2007-2010 68.2 82.7 118.5
Difference (t1999-t1088) 1.9% 36" 0.7
Difference (tz007-t1999) 1.3t 46" 10.7*
Difference (ta007-t19gs) 3.2" 8.2" 11.4*

Data are derived from the Mexican Health Surveys (Ensuesta Nacional de Nutricion (ENN) 1999 and Encuesta Nacional de Salud y Nutricion
(ENSANUT) 2012) and the U.S. National Health and Nutrition Examination Surveys (1988-1994; 1999-2002; 2007-2010). Sample includes adult,

non-pregnant females aged 20-49 years. Waist circumference not measured in ENN 1988.

All models adjust for age, age-squared, and survey year in quantile regression analyses

Age centered at age 20 years.

p<0.0001,

To<o.01,

ip<0.05
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Adjusted mean difference in waist circumference over time for age and BMI level, Mexican, Mexican-

Table 4

American, and U.S. white females aged 20-49 years.

M exican-Americans

Mexico (n= 26284) (n=2681) whites (n=4304)
Coefficient (standard error)
Constant 76.15 (0.20) 83.64 (0.34) 82.69 (0.33)
Age 0.09 (0.01)* 0.02 (0.02) 0.098 (0.01)"
BMI 1.98 (0.02)" 2.34(0.05)" 2.27 (0.02)*
BMI-squared | -0.005 (0.002)" -0.02 (0.005)" -0.01 (0.003)"
Year
1988-1994 Ref ref
1999-2002 0.71 (0.44) 0.29 (0.39)
2007-2010 2.72(0.37)° 2.91(0.31)"
Year
1999 ref
2012 6.66 (0.17)"

Page 18

Data are derived from the Mexican Health Surveys (Ensuesta Nacional de Nutricion (ENN) 1999 and Encuesta Nacional de Salud y Nutricion
(ENSANUT) 2012) and the U.S. National Health and Nutrition Examination Surveys (1988-1994; 1999-2002; 2007-2010). Sample includes adult,

non-pregnant females aged 20-49 years. Waist circumference not measured in ENN 1988.
All models adjusted for age, BMI, BMI-squared, and survey year in weighted linear regression analyses.

Age centered to age 20 years; BMI centered to BMI=25 kg/m

*

+

p<0.0001,

p<0.01

Am J Hum Biol. Author manuscript; available in PMC 2015 March 10.

2



