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Abstract
Body mass index (BMI), a measurement based on a person’s height and weight, allows the classification of
individuals into categories such as obese or overweight. With these classifications, we can assess risk for
hypertension, diabetes, cancer, hypercholesterolemia, and other chronic diseases. Furthermore, childhood
BMI serves as a prediction method for health and disease later in life. Along with BMI, researchers also
study waist circumference and waist-to-hip ratio in correlation with the above-mentioned chronic illnesses.
This brief review explores the associations between body mass index, waist circumference, and the waist-hip
ratio as measurements and their capability as predictors for persistent conditions like diabetes and
hypertension.

Categories: Endocrinology/Diabetes/Metabolism, Physical Medicine & Rehabilitation, Epidemiology/Public Health
Keywords: health predictor, childhood obesity, muscle mass, waist hip ratio, mortality, hypercholesterolemia, waist
circumference, diabetes, hypertension, body mass index: bmi

Introduction And Background
Obesity is a major public health crisis in the United States [1]. More than two-thirds of the U.S. population is
either overweight or obese [2,3]. Body mass index (BMI) is one of the ways to measure obesity in the
population. Other ways to measure obesity include the waist-to-hip ratio, the percentage of the body or
visceral fat, and waist circumference [4]. Body mass index (BMI) can be calculated via mathematical
operations where height and weight values are used to estimate the health status of a person [5]. BMI as a
measurement is typically used to gauge the risk of developing chronic conditions such as diabetes,
hypertension, depression, and cancer [4-8]. The BMI calculation will fall within a numerical range, which
places an individual into one of four categories. This data is used by researchers and physicians to educate
patients and the public of potential health risks detected within a specified category [9]. Researchers
continue to evaluate the correlation between BMI and long-standing illness as well as associations between
waist circumference as a predictor of health [10]. Expansion to this research dives into the association of
childhood BMI as childhood obesity is also on the rise [11]. This review is markedly concise yet highlights the
importance of BMI as a screening tool for chronic disease and mortality and briefly introduces the idea of
childhood BMI as a tool for predicting disease later in life. While BMI is seemingly a good indicator for
studying correlation with chronic disease, the measurement tool does not come without limitations, as
discussed in this review.

Review
Methods of literature review
Scientific journal articles published in relation to BMI and distributed from 1994 to 2019 were uncovered
through a PubMed database search and from various article references. The search term ‘body mass index’
was utilized, and the reported inquiry uncovered 30 articles that depict the connection between BMI and
other metabolic conditions like diabetes, hypertension, and disease-related mortality. Furthermore, the
search resulted in articles regarding the relationship between BMI, waist circumference, waist-hip ratio,
youth BMI as a wellbeing indicator, and limitations of BMI as a health evaluation tool. Considering the
evidence presented by previous research, the affiliation between BMI and chronic disease variables can be
extrapolated to the general population.

Results and discussion
BMI and Diabetes

A U.S. study conducted by Chan et al. [12] evaluated 51,529 males ranging from 40-75 years old who work in
healthcare. The research revealed that those with a BMI greater than 35 kg/m2 had an increased risk of
developing type II diabetes compared to those with BMI’s lower than 23 kg/m2. While this research upholds
the claim that obesity increases the risk for disease, it is significant to consider the relevance of the data
considering it was collected more than two decades ago (1994). More recently, researchers have studied
whether these outcomes are universal and comparable on a global and racial scale.
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Another study, based in Turkey, evaluated diabetes risk factors in 26,499 individuals, where regional analysis
was completed and spanned North, South, East, West, and Central regions [13]. Additionally, the analysis
was grouped with data considering family history, family size, age, education, waist circumference, BMI,
hypertension, smoking, and the number of meals eaten per day. Across all demographics studied, an
increase in waist circumference by one standard deviation also increased the likelihood of a new diabetes
diagnosis by 1.16-fold. By the same measures, the male cohort resulted in a 1.28-fold increase in the
likelihood that the individual will also have a new diagnosis for diabetes.

Similarly, Satman et al. determined that BMI is a notable measure of diabetes risk [13]. This research states
that an increase in BMI by one standard deviation (5.9kg/m2) results in an increased probability for type II
diabetes by 1.16 for men and 1.09 for women.

A further analysis was completed in a multi-ethnic, longitudinal study based out of Canada, which involved
59,824 non-diabetic adults. This data concluded that the chance of developing diabetes increases at lower
BMI values in South Asian individuals (24kg/m2), Black individuals (26kg/m2), and Chinese individuals
(25kg/m2) compared to White individuals (30kg/m2). Thus, it is reasonable to conclude the above-
mentioned racial groups have an increased likelihood of developing diabetes at a lower BMI than their White
counterparts [14]. Understanding the relationship between race and BMI is a useful tool for physicians and
patients to create a personalized care plan and discuss diabetic risk. More so, the findings can be
extrapolated to a larger scale to address public health concerns.

While BMI is seemingly a good indicator of chronic diseases, such as type II diabetes, some researchers
suggest that other measurement tools are more useful for this prediction. For instance, BMI was the least
effective predictor for cardiovascular risk factors such as diabetes, hypertension, and dyslipidemia compared
to other measurements like waist circumference, waist-to-hip, and waist-to-height ratios, in the study
performed by Lee et al. [15]. This meta-analysis included 80,000 participants across 10 articles and
discovered that waist-to-height ratio was profoundly better at predicting risk for the diseases
aforementioned. This success can be attributed to the ability of the waist-to-height ratio to consider central
adiposity, whereas BMI lacks this capability.

BMI and hypertension
Similar studies have been completed which analyze the relationship between body mass index and the
probability of developing hypertension. Hu et al. [16] considered survey data from 17,441 Finnish individuals
from 1982 to 1992, which evaluated participant height, weight, and heart rate, among other factors. The
measures of BMI and risk of developing hypertension were analyzed using hazard ratios and follow-up
exams to determine if predictions were correctly forecasted. Results revealed an increasing trend based on
BMI (BMI <25= 1.00, 25-29.9= 1.18, and >30= 1.66). Thus, a larger BMI was linked with a greater occurrence
of hypertension in this population. Furthermore, this study discovered that physical activity mitigated the
risk of developing hypertension remarkably, even if the body mass index was higher than normal.

Gelber et al. [17] investigated 13,563 non-hypertensive subjects and again after 14 years to determine if
there was a link between BMI at the first interaction and prevalence of hypertension 14 years later. Results
illustrated that even participants whose BMI’s were considered high in the “normal” category proved an
increased risk of developing hypertension compared to individuals in the lowest quintile (<22.5 kg/m2). In
tandem with this finding was a positive trend in hypertension development when compared to BMI 14 years
prior. The study noted that individuals with a BMI greater than 26.4kg/m2 had a 1.85 times greater risk of
becoming hypertensive. Both studies evaluate the link between BMI and the risk of developing hypertension,
a tool that can be further used to understand the etiologies of cardiovascular disease.

BMI and hypercholesterolemia
Obesity is often associated with a dyslipidemic state where the increased levels of serum triglycerides and
low-density lipoprotein (LDL) cholesterol correlate with increased body weight. Gostynski et al. [18]
completed an analysis of over 48,000 subjects aged 25-64 years old and studied the relationship between
BMI and prevalence of hypercholesterolemia (≥6.5 mmol/l). The researchers discovered a statistically
significant positive correlation between BMI and hypercholesterolemia for people in the 25-50 years age
group, with the strongest effect on those in the 25-39 years age range.

Additionally, the Bogalusa Heart Study and Tershakovec et al. [19] determined a relationship between the
development of childhood obesity in girls and persistent hypercholesterolemia. Between 1973 and 1991,
3179 children aged 5-14 years old completed a lipoprotein assessment and were evaluated against BMI and
cholesterol serum normal values. It was found that girls with high cholesterol were more likely to have a
greater increase in BMI than non-hypercholesterolemic girls as they developed. While this data seems to
suggest that high cholesterol may be used as a predictor for obesity, it is still important to note the existence
of the correlation at all.

This brings up a significant value in directing public health measures at young people, especially in school-
age years, to encourage healthy development and decrease the risk of developing metabolic and
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cardiovascular disease.

BMI and mortality
A study performed in the U.K. by Bhaskaran et al. [20] assessed a national mortality database of 3,632,674
people to evaluate possible correlations between all-cause mortality and cause-specific mortality to body
mass index (BMI). In this analysis, the researchers utilized a hazard ratio and performed sensitivity analyses
to adjust for differences in age, sex, smoking, diabetes, and other variables. From the 3,632,674 individuals,
1,969,648 people were categorized as never-smokers, and this cohort will be used for the remainder of the
data analysis to eliminate smoking status as a variable. Data revealed the association between BMI and all-
cause mortality, communicable and non-communicable diseases, both in smokers and never-smokers, as a J-
shaped curve. There is a higher associated risk of mortality outcomes with participants with a BMI above 25
kg/m2. It is significant to note the lowest risk for mortality falls at the 25kg/m2 measurement. Obesity was
associated with a 4.2-year reduction in remaining life for a 40-year-old male never-smoker and a 3.5-year
reduction in remaining life for a 40-year-old never-smoker female when compared to healthy weight
individuals [20].

BMI and waist circumference
Both BMI and waist circumference are measurements used to assess patients for obesity status. In Chinedu
et al. [21], these factors were critically compared to determine if they were correlated. This study looked at
489 Nigerian participants between the ages of 19 and 75 years for height, weight, and waist circumference.
The findings demonstrated a positive relationship between waist circumference and BMI that proved to be
statistically significant (r=0.75). In another study, Gierach et al. [22] found analogous results when analyzing
839 individuals between the ages of 32 and 80 who have a diagnosis of metabolic syndrome. Their data also
showed a positive correlation between waist circumference and BMI (r=0.78).

Additionally, a BMI comparison study was performed by Romero-Corral et al. [23], where the body mass
index was compared with the calculated value of body fat percentage from bioelectric impedance analysis
(BIA). 13,601 Americans participated in a cross-sectional study which was meant to determine the efficiency
of BMI to diagnose obesity when compared to the World Health Organization reference standard for obesity
of BF% >25% in men and >35% in women. BMI and body fat percentage were studied by sex and age groups
and adjusted for race. Ultimately, the results suggested that BMI has a high specificity yet a low sensitivity
for detecting obesity, which means cases of obesity are often missed. Specifically, the researchers discovered
that BMI is more tightly associated with high lean-body mass than body fat percentage (BF%) in men, and
BMI is less reliable for diagnosing obesity in elderly populations. In opposition to these findings, Flegal et al.
[24] found that for male participants, waist circumference was a better predictor over BMI at determining
body fat percentage. Ultimately, it is still up for debate on which tool is profoundly more reliable as a
measure of obesity, but both BMI and waist circumference have their proficiencies and limitations.

BMI and waist-to-hip ratio
Although waist circumference is a seemingly prognostic tool for obesity, another measurement value should
be articulated- the waist-to-hip measurement ratio. When comparing four measures of obesity: waist
circumference, BMI, waist to height ratio, and waist to hip ratio, Bener et al. [25] concluded that the best
measure of obesity was waist circumference in both men and women. It was determined amongst male
participants that there was a larger area under the curve (AUC) for waist-to-hip ratio than BMI, thus making
waist-to-hip ratio the second-best indicator behind waist circumference for this population.

Dalton et al. [26] studied Australian participants and adjusted for age variables between BMI, waist
circumference, and waist to hip ratio. Researchers determined there were no fundamental differences in any
of the three measurement tools in predicting obesity and associated chronic disease. (Table 1)
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Study, year Population Study Duration Significant Findings

Chinedu et al.
[21] 2013

489 Nigerian participants, ranging
from 18-75 years old

April 2012 to May 2012
Positive and statistically significant correlation (r=0.75)
between BMI and waist circumference (WC)

Gierach et al.
[22] 2014

839 participants with metabolic
syndrome, ranging from 32-80 years

24-month period, cross-sectional
study

WC and BMI are correlated; significant- positive
relationship (r=0.78)

Romero-Corral
et al. [23] 2008

13,601 participants ranging from 20-
79 years old

NHANES survey data integrated
into cross-sectional study

BMI ≥ 30 kg/m2 has a higher specificity but lower
sensitivity for VF% obesity.  

Flegal et al. [24]
2008  

12,901 participants ranging from 18
years or older

Data collected between 1999-
2004; NHANES database

WC and BMI were better correlated with one another
than BF%

Bener et al. [25]
2013  

1,552 participants ranging from 20
years or older

April 2011- December 2012
integrated cross-sectional study

Best predictor of metabolic syndrome is WC, 2nd best in
males is WHR

Dalton et al. [26]
2003

11,247 participants ranging from 25
years or older

A cross-sectional study with data
gathered in 2000

No fundamental difference between BMI, WHR, WC for
evaluating obesity and chronic disease.

TABLE 1: Studies evaluating a correlation between BMI and other Body Composition Evaluation
Tools

BMI and muscle mass
While BMI is a seemingly good measure for predicting obesity and determining risk for chronic disease, it is
not entirely inclusive. Individuals with large amounts of muscle mass, such as athletes, may be inaccurately
placed into an overweight or obese category based on height and weight. According to Kyle et al. [27], BMI
alone is not sufficient at providing details on the contribution of fat-free mass to body weight. The study
looked at the relationship between BMI and fat-free mass index (FFMI) and determined that 71% of the
subjects with normal BMI had a normal FFMI as well. Additionally, they found five subjects out of 3533
subjects who were considered obese on the BMI scale but fell in the normal range for FFMI.

Additionally, it is previously known that skeletal muscle mass decreases and fat mass increases as a person
age. Some elderly people claim normal or even low BMI scores when in reality, they have an increased fat-
to-muscle ratio and should be evaluated as obese for secondary illnesses [28]. More so, muscle mass and
body mass composition are dependent on a person’s sex assigned at birth. Since BMI is only weight/ height
squared, there is no consideration for variations in fat mass between sexes or the effects of other
complexities such as pregnancy, breastfeeding, cancer, or osteoporosis [29]. In a European study, researchers
compared BMI calculations against DXA and densitometry measurements to determine if BMI was a good
measure of body fat percentage. They noted that BMI calculations inaccurately categorized 7% of female and
8% of male participants into the obese category, where guidelines for obesity were >35% body fat for females
and >25% body fat for males, respectively [30].

Childhood BMI as a predictor of health
All the aforementioned research studies and analyses found correlations between adult participants and
BMI, but it is also important to note childhood BMI as a reliable predictor for chronic disease later in life.
Twig et al. [31] studied teenagers in Israel to determine a potential relationship between BMI and
cardiovascular-associated death in adulthood. The researchers uncovered a positive association between

childhood BMI and cardiovascular death within the 50th to 74th percentile of the BMI range and noted an

even stronger relationship with BMI above the 95th percentile.

A plethora of studies found similar correlations between high childhood BMI and disease later in life. One,
in particular, noticed a correlation between increased BMI and an increased incidence of type II diabetes in
adult years [32]. Additionally, researchers considered childhood BMI as a potential predictor for endometrial
cancer and noted that a higher BMI in girls is positively associated with the risk of developing endometrial
cancer as an adult [33]. The same researcher, Aarestrup et al. [34]; however, found no relationship between
childhood BMI and the probability of prostate cancer development in men once the data was adjusted for
height. This is an important differentiation and springboard for future studies to analyze the difference in
BMI prediction based on assigned sex at birth.

Along with the manifestation of adult disease, there are other factors like mental health and sleep that can
be studied with BMI. One study investigated the link between high childhood BMI and suicidal behavior
based on the presumption that individuals with high BMI values showed a trend of increased depression, a
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known predictor of suicidal behavior [35]. Collectively, this data reveals the importance of maintaining a
healthy childhood BMI and the U.S. childhood obesity epidemic being monumental in the health of the
population entirely. Pileggi et al. [36] looked at sleep in a population of 542 middle-school-aged children in
southern Italy. They found that children with shorter sleep patterns have higher BMI (+0.77 kg/m2), advising
that sleep should be encouraged to keep BMI in a healthy range. With this limited data, there is no way to
tell if sleep or high BMI is the initial culprit causing the other variable, but likely this correlation is
bidirectional.

Analysis of childhood BMI without also looking at potential etiology would be incomplete, so Bai et al. [37]
collected data from over 2.5 million children and adolescents in the Texas school system and discovered that
socioeconomic status (based on the eligibility for free or reduced lunch) was a significant predictor for high
BMI in these children. Many factors can be studied to support this research in health disparities, including
access and cost of healthy foods and the geographic location of low socioeconomic status (SES) homes in
relation to food deserts.

Limitations of BMI as a health assessment tool
While BMI is a widely used measure, it does not come without limitations. BMI is a direct calculation that
involves the measurements of height and weight, so it cannot assess the body fat percentage of an
individual. This is particularly troubling for athletes and people with higher-than-average muscle mass [38].
A person with a high BMI who has a higher level of fat-free mass could be mistakenly categorized as
overweight or obese. In contrast, a person with a larger volume of fat mass could be identified as healthier
than predicted. There also may be a disparity in BMI measurement in determining obesity in genders, ages,
and races [38]. One solution to this discrepancy is using BMI in combination with waist circumference to
increase validity and accurate reporting of health status [39].

Conclusions
BMI does correlate with health outcomes and cause-specific mortality, and measurements can start being
recorded as early as childhood. However, using BMI to categorize obesity for the sake of predicting chronic
disease risk is suboptimal, and other measures like waist circumference and waist to hip ratio may be
preferred. Should BMI still be used for screening, it ought to be altered to consider variability in sex, age,
and muscle mass or used in congruence with other measures to determine personalized treatment and
nutrition counseling. 
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