1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Public Health. Author manuscript; available in PMC 2024 January 01.

-, HHS Public Access
«

Published in final edited form as:
Public Health. 2023 January ; 214: 163-170. doi:10.1016/j.puhe.2022.10.021.

Trends and Disparities in Diabetes and Prediabetes Among
Adults in the United States, 1999-2018

Junxiu Liu, PhD1, Stella S. Yi, PhD?, Rienna Russo, MHS?, Victoria L. Mayer, MD, MS?, Ming
Wen, PhD3, Yan Li, PhD?

1Department of Population Health Science and Policy, Icahn School of Medicine at Mount Sinai,
New York, New York;

2Department of Population Health, NYU School of Medicine, New York, NY

SDepartment of Sociology, The University of Utah, Salt Lake City, UT

Abstract

Objective: To describe the up-to-date trend of total, diagnosed and undiagnosed diabetes and
prediabetes, assess their associated disparities among population subgroups, and examine their
relationship with sociodemographic factors among adults in the United States (US).

Study design: This was a cross-sectional study from a nationally representative sample of US
adults (=20 years old) who participated in the National Health and Nutrition Examination Survey
(NHANES).

Methods—Diagnosed diabetes was defined as a self-reported previous diagnosis of diabetes by
a physician or any other health professionals (other than during pregnancy). Undiagnosed diabetes
was defined as elevated levels of fasting plasma glucose (FPG=126 mg/dL) or HbAlc (=6.5%).
Total diabetes included those who had either diagnosed or undiagnosed diabetes. Prediabetes was
defined as a HbAlc level of 5.7% - 6.4% or an FPG level of 100 mg/dL-125 mg/dL. All estimates
were age-standardized to the 2010 US census population for age groups 20-44, 45-64, and 65+
years. All analyses accounted for the complex survey design. Logistic regressions were used to
conduct the analyses.

Results: A total of 21,600 (mean, 47.2 years [SD, 14.7]) individuals were analyzed. From 1999
to 2018, the age-standardized prevalence increased significantly from 9.17% to 14.7% (difference,
5.52%; 95% ClI, 2.69%-8.35%; P-trend<.001) for total diabetes, increased from 6.15% to 11.0%
(difference, 4.79%; 95% ClI, 2.27%—7.32%; P-trend<.001) for diagnosed diabetes and remained
stable from 3.01% to 3.73% (difference, 0.72%; 95% CI, —0.47% to 1.91%; P-trend=0.19) for
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undiagnosed diabetes. The age-standardized prevalence of prediabetes increased significantly from
29.5% to 48.3% (difference, 18.8%; 95% CI, 13.3%-24.4%; P-trend<0.001). Disparities persisted
with higher prevalence among adults with obesity and populations that have been marginalized
including racial and ethnic minorities, low income, less educated Americans, and those living in
food-insecure household.

Conclusions: The prevalence of diabetes and prediabetes increased significantly from 1999 to
2018 among US adults. There are substantial and persistent disparities among racial and ethnic
minorities, populations experienceing socioeconomic disadvantages, and adults with obesity.

Introduction

Diabetes mellitus is a leading cause of death in the United States (US) and globally. As a
complex chronic metabolic disease, diabetes affects multiple organ systems and is associated
with an increased risk of heart disease, stroke, and other serious complications such as
kidney failure, blindness, amputation, and severe COVID-19.2:3 Among adults, more than 1
in 10 Americans have diabetes and 1 in 3 have prediabetes.? Furthermore, more than 25%
of adults with diabetes and 80% of those with prediabetes are not aware of their conditions.*
The economic burden of diabetes is high with the estimated direct and indirect cost of

$327 billion in 2017.5 Timely and accurate assessment of national trends in diabetes and
prediabetes is important to reflect dynamic changes corresponding to policy, systems, and
environmental factors and to advance in diabetes awareness, diagnosis, treatment, control,
and prevention.

Several previous studies have evaluated the prevalence of diabetes or prediabetes at the
population level from 1988-1994 and 1999-2010,% from 1988-2012,7 from 1999-2010,8
from 1999-2014,° from 1999-2016,10 and from 2011-2016.11 Their findings suggested

a significant increasing pattern in prevalence of diabetes and prediabetes, particularly
among racial and ethnic minorities and adults with obesity. However, these studies have
important limitations; their data are at this time outdated, their outcomes were restricted

to either diabetes or prediabetes, and the scope is narrow in assessment of disparities.

Thus, a more recent and comprehensive understanding of the trends in total (diagnosed

and undiagnosed) diabetes and prediabetes, and disparities, particularly among diverse

race and ethnic groups, individuals with different household incomes, different educational
attainments, food security status and health insurance status, is urgently needed. This type of
trend assessment could help aid in reducing diabetes-related disparities and promote health
equity through the identification of challenges and opportunities for diabetes prevention and
management as well as populations at greatest-risk for diabetes and prediabetes.

To fill those research gaps, we used data from the National Health and Nutrition
Examination Survey (NHANES) to estimate national trends in prevalence of total diabetes
(diagnosed and undiagnosed) and prediabetes over the past 20 years. In addition, we
assessed potential disparities in trends by age, gender, race/ethnicity, levels of body mass
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index (BMI), education, household income, food security status, and insurance status. We
also modeled the association of diabetes and prediabetes with those sociodemographic
factors.

Methods

Study Design, Population and Data Collection

NHANES is a series of cross-sectional surveys using a complex, multistage probability
design to sample the civilian, non-institutionalized population residing in the 50 states and
District of Columbia. The NHANES protocol was approved by the Centers for Disease
Control and Prevention/National Center for Health Statistics (NCHS) Ethics Review Board,
and all participants provided written informed consent. Because the data are publicly
available and deidentified, institutional review board approval was not required for this
analysis. Details on the study design, protocol, and data collection methods have been
documented.12

This investigation used data across 10 cycles of NHANES (1999-2000 through 2017-2018).
Of the 101,316 participants, we included adults aged 20 years and older who completed

the interview and examination and excluded women who were pregnant because pregnancy
could affect glucose measurements (eFigure 1 in the Supplement).

Data were collected through questionnaires (demographics and medical history), a physical
examination, and blood collection. Sociodemographic variables included gender, age, race/
ethnicity, education level, household income level, household food security status, and
insurance status. Age was self-reported during the interview and was grouped into three
groups (20-44, 45-64 and 65+). Race/ethnicity data were self-reported in the interview and
were categorized as non-Hispanic White, non-Hispanic Black, Hispanic, and non-Hispanic
Asian (hereafter, White, Black, Hispanic, and Asian American). Individuals reporting
multiple races were categorized as Other and were included in the analyses of the entire
population but not shown separately. Education levels were categorized as less than a

high school degree, high school graduate or GED, some college and greater than college
graduate. The family income to poverty ratio (IPR) is a measure of family income relative to
poverty guidelines specific to the survey year. We classified family income levels into three
categories (low-income, IPR <=1.0; middle-income IPR >1 and <4; and high-income, IPR
=4.0). Those cutoffs were selected based on the thresholds used in the Patient Protection
and Affordable Care Act, in which adults with a PIR between 1 and 4 are eligible for
insurance subsidies.13 Information on food security status was collected through the US
Household Food Security Survey Module developed by the US Department of Agriculture.14
The module consists of 18 items for households with children under the age of 18 years and
10 items for households without children. Based on the number of affirmative responses,
the NCHS created four response levels (full food security, marginal food security, low food
security and very low food security). During the examination component in the mobile
examination center (MEC), standardized measures of weight and height were obtained, and
body mass index (BMI) was calculated as weight in kilograms divided by height in meters
squared. Blood samples were obtained by trained phlebotomists according to a standardized
protocol in the MEC and data were recorded directly into a computerized database.
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Definitions of Diabetes and Prediabetes

Diagnosed diabetes was defined as a self-reported previous diagnosis of diabetes by

a physician or any other health professional (other than during pregnancy) during the
interview. In persons without a previous diagnosis of diabetes, undiagnosed diabetes was
defined as having either elevated levels of fasting plasma glucose (FPG=126 mg/dL

[=7.0 mmol/L]) or HbAlc (=6.5% [>48 mmol/mol]). Total diabetes was defined as any
participant who had either diagnosed diabetes or undiagnosed diabetes defined by FPG or
HbA1c. Prediabetes was defined as any participant who did not have diabetes but who had a
HbA1c level of 5.7% to 6.4% or an FPG level of 100 mg/dL to 125 mg/dL.

Statistical Analysis

Survey analysis procedures were used to account for sampling weights, stratification, and
clustering in the NHANES complex sampling design to derive nationally representative
estimates. The crude weighted prevalence and 95% confidence intervals (Cls) of total,
diagnosed, undiagnosed diabetes and prediabetes were estimated by NHANES cycles from
1999-2000 through 2017-2018. The overall and all stratified estimates by gender, race/
ethnicity, family income, education, food security status, insurance status and BMI were
age-standardized to the 2010 US census population using standardizing proportions for
the age groups 20-44 years, 45-64 years, and 65 years or older, allowing comparisons
independent of age.

To evaluate trends over time, survey-weighted logistic regression was used to calculate a
P-value for crude and age-standardized trends across cycles overall and by subgroups. To
access statistical heterogeneity of trends by subgroups, a survey-weighted Wald test was
used to test for an interaction term between cycle and sociodemographic factors (i.e., age,
gender, race/ethnicity, household income, education, food security status, insurance status
and BMI). Survey-weighted Poisson regression models with robust standard errors were
used to examine the associations of those sociodemographic factors with the prevalence of
total, diagnosed, undiagnosed diabetes and prediabetes using NHANES cycles of 2015-2016
and 2017-2018. Adjusted prevalence ratios (aPR) and corresponding 95% Cls are presented.

Interview weights were used to estimate diagnosed diabetes whereas examination weights
were used for undiagnosed diabetes and prediabetes identified by HbAlc and FPG. The
use of different sample weights, which account for differential probabilities of selection,
nonresponse, and noncoverage, for different set of analyses maximizes the use of survey
information and sample sizes.

To assess whether observed trends were driven by sociodemographic factor shifts, we
performed a sensitivity analysis that adjusted for those factors in the study. All statistical
analyses were performed using Stata version 14.0 (Stata Corp, College Station). A two-sided
P values <0.05 was considered statistically significant. P-values were not adjusted for
multiple testing and should be interpreted as exploratory.
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Over these 10 NHANES cycles from 1999-2000 through 2017-2018, a total of 21,600
adults aged 20 years or older (mean age 47.2 years, [SD, 14.7 years]; 51.2% female) were
analyzed and their characteristics were presented in Table 1. The study population became
older and more diverse over the study period. The adults with obesity increased from

29.1% to 40.3% whereas the adults with normal weight decreased from 36.8% to 26.5%. In
addition, the proportion of participants with less than high school education dropped from
24.1% to 11.8% while those with a college degree or above increased from 22.3% to 29.4%.
Adults living in full food-secure households dropped from 85.1% to 70.5% while those
living in food insecure households increased.

Trends and Disparities in Prevalence of Total, Diagnosed and Undiagnosed Diabetes

From 1999 to 2018, the age-standardized prevalence of total diabetes increased significantly
from 9.17% to 14.7% (difference, 5.52%; 95% CI, 2.69%-8.35%; P-trend<.001). The
age-standardized prevalence of diagnosed diabetes increased from 6.15% to 11.0%
(difference, 4.79%; 95% CI, 2.27%—7.32%; P-trend<.001) whereas that of undiagnosed
diabetes remained stable from 3.01% to 3.73% (difference, 0.72%; 95% ClI, —0.47%

to 1.91%; P-trend=0.19) (Table 2). The findings in prevalence of total, diagnosed and
undiagnosed diabetes for sensitivity analysis were not materially altered after adjusting for
sociodemographic factors (eTable 1 in the Supplement).

Trends in age-standardized prevalence of total diabetes increased among most of subgroups
except young adults aged 20-44 years, individuals with normal weight, and those with

very low and marginal food security status showing no significant change (eTable 2 in the
Supplement). Differences in prevalence of total diabetes persisted by age group, gender,
race/ethnicity, BMI level, educational level, household income level and food security status.
For example, by race/ethnicity, the age-adjusted prevalence of total diabetes increased from
8.77% (95% Cl, 7.33%-10.5%) to 12.5% (95% Cl, 11.0%-14.3%) (P-trend<.001) among
White participants; from 14.3% (95% Cl, 12.2%-16.8%) to 19.0% (95% CI, 17.2%—-21.0%)
(P-trend=.02) among Black participants; and from 13.7% (95% ClI, 10.8%-17.1%) to 21.3%
(95% Cl, 19.6%-23.0%) (P-trend<.001) among Hispanic participants; and from 17.6% (95%
Cl, 14.7%-20.9%) to 17.6% (95% ClI, 15.1%-20.5%) among Asian American participants
(from 2011 to 2018; P-trend=0.28) (Figure 1). By household income, the age-standardized
prevalence of total diabetes increased from 15.5% (95% ClI, 12.7%-18.9%) to 19.5% (95%
Cl, 17.0%-22.2%) (P-trend=.004) for low-income participants and increased from 6.85%
(95% Cl, 5.28%—8.84%) to 11.5% (95% CI, 9.34%-14.1%) (P-trend=.001) for high-income
participants (Figure 1). Similar findings were found for the prevalence of diagnosed diabetes
(eTable 3 in the Supplement). Trends in prevalence of undiagnosed diabetes remained stable
among most of subgroups except an increasing trend in young adults aged 20-44 years
(P-trend=.04) and Hispanic adults from 2.77% (95% ClI, 1.88%-4.06%) to 5.50% (95%

Cl, 4.27%-7.05%) (P-trend=.01) (eTable 4 in the Supplement). Trends in percentages of
undiagnosed diabetes out of total diabetes slightly decreased overall but remained stable
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among most of the subgroups except decreasing trends observed among older adults (eTable
5 in the Supplement).

Trends and Disparities in Prevalence of Prediabetes

Association

Over the study period, the trend in age-standardized prevalence of prediabetes increased
significantly from 29.5% to 48.3% (difference, 18.8%; 95% Cl, 13.3%—24.4%; P-
trend<0.001) (Figure 2, Table 2) overall and by population subgroups (eTable 6 in the
Supplement). The findings in prevalence of prediabetes for sensitivity analysis were

also not materially altered after adjusting for sociodemographic factors (eTable 1 in the
Supplement). The rate of increase in prediabetes prevalence was higher for young adults
compared to older adults (P-interaction<.001) and was lower among participants with
obesity as compared to individuals with normal weight (P-interaction=.01). The differences
in prevalence of prediabetes persisted and was more pronounced among older adults, male,
and participants with obesity. For example, the age-standardized prevalence of prediabetes
increased from 20.8% (95% ClI, 17.7%—-24.4%) to 35.8% (95% ClI, 32.2%-39.6%) among
participants with normal weight and from 41.8% (95% CI, 38.0%—45.6%) to 51.2% (95%
Cl, 47.8%-54.6%) among individuals with obesity.

of Diabetes and Prediabetes with Sociodemographic Factors

In multivariable Poisson regression models, we found that age, gender, race/ethnicity, and
BMI were significantly associated with total diabetes, diagnosed and undiagnosed diabetes,
and prediabetes (Table 3). For example, compared with White adults, significant higher risk
of having total diabetes were found among Black adults (aPR, 1.40; 95% ClI, 1.23-1.61);
among Hispanic adults (aPR, 1.38; 95% CI, 1.21-1.57); and among Asian American adults
(aPR, 2.18; 95% Cl, 1.74-2.70). Compared with adults with normal weight, adults with
obesity had an aPR of 3.86 (95% Cl, 3.19-4.67) for total diabetes, 3.77 (2.93-4.84) for
diagnosed diabetes, 4.12 (2.74-6.21) for undiagnosed diabetes, and 1.42 (1.29-1.58) for
prediabetes. In addition, income levels, education levels, food security status and insurance
status were significantly associated with total diabetes; education, food security status and
insurance status were associated with diagnosed diabetes; and only income was associated
with undiagnosed diabetes.

Discussion

In this nationally representative sample of US adults, we reported trends in age-standardized
prevalence of total diabetes, diagnosed and undiagnosed diabetes, and prediabetes, and their
disparities by population subgroups from 1999-2000 to 2017-2018. We found that the age-
standardized prevalence of total diabetes, diagnosed diabetes and prediabetes significantly
increased over the study period overall and among most of population subgroups with

few exceptions such as normal-weight individuals for total diabetes. The prevalence of
undiagnosed diabetes remained stable, accounting for one third of total diabetes. Disparities
in prevalence of diabetes and prediabetes persisted among subgroups; prevalence estimates
were significantly higher among older adults, male, racial minorities, lower educational
attainment, lower household income, food insecure, and higher BMI levels.
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We additionally reported the multivariable-adjusted association of total diabetes, diagnosed
and undiagnosed diabetes, and prediabetes with sociodemographic factors. Higher odds of
diabetes or prediabetes were found among older vs younger adults, male vs female, Asian
Americans, Black and Hispanic Americans vs white participants, higher vs lower BMI
levels, higher vs lower educational attainment, higher vs lower household income, food
insecure vs food secure, and insured vs uninsured adults.

Our study is consistent with prior work demonstrating that diabetes is one of the

fastest growing diseases.?711.15.16 Our findings update previous trend analyses with

recent nationally representative data and suggest that diabetes continues to be a major
health concern in the US. Not only does diabetes increase risk of premature death and
serious health complications,? but diabetes also exacerbates the clinical severity of the
COVID-19. A recent modeling study conducted in US estimated that one in five COVID-19
hospitalizations were attributable to diabetes.3

The rise in diabetes prevalence may be due to several factors, including the increase

in obesity prevalence, shifting age demographics, and improvements in diagnosis and
management of diabetes. Previous studies have suggested that the most significant driver

of the rising trend for diabetes and prediabetes is an increasing trend of obesity.1’

Obesity is the leading risk factor for high blood glucose, causing changes in the body’s
ability to regulate insulin and contributing to the pathophysiology of type 1 and type 2
diabetes.18:19 From 1999-2000 and 2017-2018, the age-standardized prevalence of obesity
significantly increased from 27.5% to 43.0%.20 Demographic shifts in the aging population
may also contribute to increasing diabetes prevalence. Improvements in diabetes care and
management has reduced morbidity and improved survival.2122 Furthermore, prior research
showed that expanding healthcare coverage facilitates the diagnosis of diabetes.23 Our study
found that insured adults had significantly higher odds of total and diagnosed diabetes but
not prediabetes compared to uninsured individuals.

Substantial disparities exist in prevalence of diabetes and prediabetes. Persistent higher
prevalence of diabetes and prediabetes were observed among populations experiencing
structural racism and racial/ethnic and socioeconomic marginalization, including Black,
Hispanic, Asian American, low-income, less-educated and food insecure adults. These
findings are consistent with previous studies assessing diabetes,11:24 suggesting that
structural and social determinants of health are key drivers of health disparities and need

to be addressed to promote health equity.2> Another related foci contributable to those
disparities is inequitable access to healthy diets. For example, using data from NHANES
researchers have shown that Black and Hispanic participants had higher proportions of
poor diet quality compared to their White counterparts.26 The COVID-19 pandemic further
exposed the impact of structural racism and systemic inequity on health. The proportion of
COVID-19 hospitalizations attributable to diabetes was highest among Hispanics, followed
by Asian Americans, Blacks and Whites.3 The integration of social determinants of health
into healthcare has become recognized as an important strategy to reduce health disparities.
Future research is needed to explore the effectiveness of interventions addressing and
eliminating the root causes of diabetes disparities to promote health equity.2’
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Strengths of this study included assessment of the most up-to-date available data from
NHANES to evaluate trends over the past 20 years, objective measurements on diabetes-
related biomarkers, examination of potential disparities by diverse sociodemographic
subgroups, and investigation of the multiple-adjusted associations of total, diagnosed and
undiagnosed diabetes and prediabetes with sociodemographic factors. This study has several
limitations. First, institutionalized individuals (eg, nursing home residents) were not sampled
in the NHANES, which may underestimate the prevalence of prediabetes and diabetes.
Second, information on subtype of diabetes is not collected, type 1 and type 2 diabetes

were hence indistinguishable, and we could not report them separately. Third, even though
Asian Americans was separately reported, this measure is still a composite measure that
could not reflect their heterogeneity in prevalence of diabetes and prediabetes built-in Asian
origin. Fourth, due to lack of information on 2-hour PG in NHANES from 1999 to 2004
and 2017-2018, our analysis did not incorporate this information, which may underestimate
undiagnosed diabetes. However, 2-hour PG is not frequently used in clinic settings due to
high cost and burdensome for the patients.

Conclusion

From 1999-2000 to 2017-2018, the age-standardized prevalence of total diabetes, diagnosed
and undiagnosed diabetes, and prediabetes significantly increased among US adults.
Disparities persisted and higher prevalence over time was observed among populations
experiencing marginalization including racial minorities, adults with low income and
educational attainment, and adults living in food-insecure households.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Trends in age-adjusted prevalence of total diabetes among US adults (20+), NHANES 1999-
2018 by race/ethnicity, education, income, food security status, body mass index levels and
insurance status (Details see in Supplemental Table 2).
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