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Abstract

Purpose—The purpose of the study was to examine the prevalence and determinants of
prediabetes, undiagnosed diabetes, and diabetes among Mexican adults from a subsample of the
Mexican Health and Aging Study.

Methods—We examined 2012 participants from a subsample of the Mexican Health and Aging
Study. Measures included sociodemographic characteristics, body mass index, central obesity,
medical conditions, cholesterol, high-density lipoprotein cholesterol, hemoglobin Alc, and
vitamin D. Logistic regression was performed to identify factors associated with prediabetes,
undiagnosed diabetes, and self-reported diabetes.

Results—Prevalence of prediabetes, undiagnosed, and self-reported diabetes in this cohort was
44.2%, 18.0%, and 21.4%, respectively. Participants with high waist-hip ratio (1.61, 95%
confidence interval [CI] = 1.05-2.45) and high cholesterol (1.85, 95% CI = 1.36-2.51) had higher
odds of prediabetes. Overweight (1.68, 95% CI = 1.07-2.64), obesity (2.38, 95% CI = 1.41-4.02),
and high waist circumference (1.60, 95% CI = 1.06-2.40) were significantly associated with
higher odds of having undiagnosed diabetes. Those residing in a Mexican state with high U.S.
migration had lower odds of prediabetes (0.61, 95% CI = 0.45-0.82) and undiagnosed diabetes
(0.53, 95% CI = 0.41-0.70). Those engaged in regular physical activity had lower odds of
undiagnosed diabetes (0.74, 95% CI = 0.57-0.97).

Conclusions—There is a high prevalence of prediabetes and undiagnosed diabetes among
Mexican adults in this subsample. Findings suggest the need for resources to prevent, identify, and
treat persons with prediabetes and undiagnosed diabetes.
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Introduction

The incidence of diabetes is increasing globally, reaching epidemic levels in low- and
middle-income countries, which creates concern in the health care systems with limited
resources and persistent challenges in treating communicable diseases [1]. As a middle-
income country, Mexico is experiencing an epidemiologic transition in which infectious
diseases are becoming less important than noncommunicable chronic diseases including
diabetes and cardiovascular diseases [2].

Prediabetes is the condition in which the blood glucose level is above normal but still less
than that of diabetes. Recently, the American Diabetes Association (ADA) recommended
hemoglobin Alc (HbAXlc) criteria for diagnosing prediabetes and diabetes [3]. HbAlc
measures the average blood sugar level over a 2- to 3-month period [3]. Prediabetes is a
high-risk state for diabetes development [4,5]. A systematic review of prospective studies
using HbAl1c (= 44,203 participants) found that individuals with Alc values 6.0% or more
have a 20 times higher risk of progressing to diabetes within 5 years than persons with Alc
less than 5.0% [5]. Previous studies have shown a higher prevalence of microalbuminuria
and cardiovascular mortality in patients with prediabetes compared with those with a normal
level of glucose [6,7].

Diabetes is a leading cause of disability, decreased total life expectancy, and mortality
among the Mexican population [8]. The prevalence of diabetes has increased significantly
among Mexican adults aged 50 years and older, from 14.6% in 2001 to 19.3% in 2012, with
higher rates in women [9]. According to the Mexican National Health and Nutrition Survey
2012 report, the prevalence of diabetes was 19.4% and 26.3% in those aged 50-59 and 60—
69 years, respectively [10]. Developing countries like Mexico, with increasing prevalence of
obesity, little awareness of preventive screening, and limited access to health care, may have
high rates of undetected diabetes. Wong et al. [9] reported that almost 15% of older adults in
Mexico did not have health insurance in 2012, which may limit access to preventive
screening. Diaz-Apodaca et al. [11] reported a higher prevalence of undiagnosed diabetes
among the Hispanic population than non-Hispanic whites on both sides of the U.S. Mexico
border in 2002.

Undiagnosed diabetes increases the risk of morbidity and mortality compared with not
having diabetes, leading to high health care costs, loss of work productivity, and absenteeism
at work [12-14]. With the growing prevalence of obesity and the epidemiologic transition in
Mexico [10], surveillance of prediabetes and undiagnosed diabetes is crucial to
understanding the extent of the problem. We performed secondary analyses on a subsample
of the Mexican Health and Aging Study (MHAS) to examine the prevalence and factors
associated with prediabetes, undiagnosed diabetes, and diabetes in Mexican adults.
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Study population

The sample for this study was drawn from the MHAS, an ongoing nationally representative
longitudinal study of adults in Mexico aged 50 years or older and their spouse and/or partner
regardless of age, beginning in 2001 [9,15]. Two follow-ups were conducted in 2003 and
2012. In 2012, a new sample of 5896 participants was added to the ongoing cohort
interviewed in 2001 and 2003 who remained in the study for the third follow-up (n=
12,569) for a total sample of 18,465 individuals [9]. Of these, a subsample of 2086 provided
data on biomarkers: HbA1c, total and high-density cholesterol, and vitamin D [11].
Intravenous and capillary blood was collected by experienced professionals from the
Instituto Nacional de Salud Publica de Mexico. The details on the study methodology were
reported elsewhere [9].

Study subsample

The target subsample included participants providing biomarker data and interviewed in
2012 in four Mexican states. These states included a highly rural state, a highly urban state,
a high-US.-migration state (people who migrated to the United States and came back to
Mexico), and a state with a high prevalence of diabetes [9]. Out of 2086 participants, 50 had
missing information on HbA1c, 15 reported diabetes in a previous wave (2001 or 2003), and
9 had missing information on self-reported diabetes. The final sample included 2012
participants (Fig. 1). No significant difference was found in the percentage of self-reported
diabetes between the subsample and the national sample (17.9% vs. 18.9%) of MHAS [16].
Also, the prevalence of self-reported diabetes in the MHAS national sample has been
externally validated and compared with the national prevalence from Mexican National
Health and Nutrition Survey data [16].

Prediabetes, undiagnosed diabetes, and diabetes

Covariates

We used ADA criteria for prediabetes and undiagnosed diabetes based on HbA1c blood
levels to determine participant disease status [3]. In 2015, the ADA recommended that the
HbA1c be tested using a method that is certified by the National Glycohemoglobin
Standardization Program and standardized to the Diabetes Control and Complications Trial
reference assay [3]. HbAlc was measured using A1cNow assay, a method that is National
Glycohemoglobin Standardization Program certified. Studies have shown excellent
correlation between HbA1c and average blood glucose levels [17-19]. Participants with
HbALc levels lower than 5.7% were classified as normal, those with levels between 5.7%
and 6.4% were classified as having prediabetes, and those with levels 6.5% or above were
classified as having undiagnosed diabetes. Self-reported diabetes was ascertained by the
answer to the question “Has a doctor or medical personnel ever told you that you have
diabetes?”

Sociodemographic variables included age, gender, years of formal education, marital status,
residence in a high-U.S.-migration state, and residence in an urban and/or rural location. A
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high U.S.-migration state was randomly selected from the five Mexican states with the
highest levels migration to the United States. Other covariates were a family history of
diabetes, smoking status, physical activity, health insurance, physician visits in the last 2
years, information on medical conditions, high-density lipoprotein (HDL) cholesterol, total
cholesterol, and vitamin D. Age was categorized into four groups: less than 50, 50-59, 60—
69, and 70 years or more. Education was categorized into four groups: none, 1-5, 6, and 7
years or more of education. The presence of medical conditions was assessed by asking
participants if they had ever been diagnosed by a physician with the following medical
conditions: hypertension, heart attack, or stroke. Physical activity was assessed by asking
participants whether they had participated in vigorous physical activity or exercise three
times a week or more on average over the last 2 years (yes or no). Vigorous activity included
activities such as sports, heavy housework, or leisure activities involving physical labor [20].
Health insurance was dichotomized as yes or no. Physician visits were assessed by asking
participants whether they had visited a medical doctor or any other medical personnel,
including nurses, clinics, and hospitals in the last 12 months. Responses were categorized as
dichotomous (yes or no).

Body mass index (BMI) was categorized into normal weight (18.5 to <25 kg/m?),
overweight (25 to <30 kg/m?2), and obesity (=30 kg/m?) [21]. Central adiposity was assessed
using actual measurements of waist circumference (WC) and waist-hip ratio (WHR).
Participants with WC of more than 102 cm in men and more than 88 cm in women were
classified as having high WC (central obesity). Participants with WHR 0.90 or more in men
and 0.85 or more in women were considered to have high WHR [22]. Participants with HDL
cholesterol levels less than 40 mg/dL for men and less than 50 mg/dL for women were
considered to have reduced HDL cholesterol [23] and those with total cholesterol levels of
200 mg/dL or more to have hypercholesterolemia. Serum 25-hydroxyvitamin D was used to
measure vitamin D. Participants with vitamin D level less than 20 ng/dL in both men and
women were categorized as vitamin D insufficiency [24].

Statistical analysis

Chi-square and analysis of variance were used to examine the distribution of HbAlc levels
(normal, prediabetes, undiagnosed diabetes) and self-reported diabetes. Unweighted
multivariate logistic regression models were constructed to identify the factors associated
with prediabetes, undiagnosed diabetes, self-reported diabetes, and total diabetes (self-
reported + undiagnosed diabetes). To test which anthropometric measures were best
associated with prediabetes, undiagnosed diabetes, self-reported diabetes, and total diabetes,
four models were constructed. The first model included age, gender, marital status,
education, residence (rural vs. urban), living in a high-U.S.-migration state, family history
of diabetes, physical activity, and BMI categories. For model 2, we removed BMI categories
and added high WC. For model 3, we excluded WC and added high WHR to the variables
included in the first model without BMI categories. For model 4, we added WC, BMI
categories, smoking, physician visits, health insurance, medical conditions, HDL
cholesterol, total cholesterol, and vitamin D to the variables included in the third model. All
analyses were performed using SAS 9.2 (SAS Institute, Cary, NC).
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Table 1 summarizes the characteristics of the sample by HbAlc level and self-reported
diabetes. Of the 2012 participants, 890 (44.2%) were identified as having prediabetes, 364
(18.0%) as undiagnosed diabetes based on HbA1C level, and 432 (21.4%) as self-reported
diabetes. Percentage of prediabetes, undiagnosed, and self-reported diabetes were
significantly higher in the age group of 50 years and more. Participants with prediabetes,
undiagnosed diabetes, and self-reported diabetes were significantly more likely to be female.
Participants reporting diabetes were significantly associated with a family history of diabetes
and less educated compared with participants with normal levels of HbAlc. Participants in a
normal category of HbAlc were significantly more likely to reside in a Mexican state with
high U.S. migration. Participants with undiagnosed diabetes and self-reported diabetes were
more likely to be obese, have high WC, and have high WHR than those with normal levels
of HbAlc. Participants with undiagnosed diabetes and self-reported diabetes were less likely
to engage in physical activities than those in the normal and prediabetes categories.
Participants with self-reported diabetes had higher rates of insurance coverage and physician
visits compared with participants in the normal and prediabetes categories. Participants in
the self-reported diabetes category were more likely to report hypertension and heart attack.
Participants with prediabetes, undiagnosed diabetes, and self-reported diabetes had reduced
levels of HDL cholesterol, high levels of total cholesterol, and increased vitamin D
insufficiency. No differences across groups were observed in smoking status and rural and/or
urban residence.

Tables 2 and 3 present the logistic regression analyses for prediabetes and undiagnosed
diabetes, respectively. In model 1, being female was significantly associated with an
increased odds of prediabetes while overweight and obesity were significantly associated
with an increased odds of undiagnosed diabetes. Participants residing in a high-U.S.-
migration state had decreased odds of prediabetes and undiagnosed diabetes. Persons
engaging in physical activity displayed decreased odds of undiagnosed diabetes. In model 2,
we found high WC significantly associated with increased odds of prediabetes and
undiagnosed diabetes. In model 3, we found high WHR significantly associated with
increased odds of prediabetes and undiagnosed diabetes. In model 4, high WHR and high
total cholesterol were significantly associated with increased odds of prediabetes only,
whereas overweight, obesity, and high WC were significantly associated with increased odds
of undiagnosed diabetes. Participants residing in a high—U.S.-migration state had decreased
odds of prediabetes and undiagnosed diabetes. Participants having 6 years of education
compared with no education were significantly associated with decreased odds of
prediabetes. Persons with higher levels of physical activity were significantly associated
with decreased odds of undiagnosed diabetes.

Tables 4 and 5 present the logistic regression analyses for self-reported diabetes and total
diabetes (self-reported + undiagnosed diabetes). In model 1, family history was associated
with self-reported diabetes and total diabetes, but being female and married were
significantly associated only with increased odds of self-reported diabetes. Participants
residing in a high-U.S.-migration state and those who engaged in physical activity had
decreased odds of self-reported diabetes and total diabetes. In model 2, high WC was
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significantly associated with increased odds of self-reported diabetes and total diabetes. In
model 3, high WHR was significantly associated with increased odds of self-reported
diabetes and total diabetes. In model 4, family history of diabetes, high WHR, physician
visit, hypertension, and vitamin D insufficiency were significantly associated with increased
odds of self-reported diabetes and total diabetes. CVD was associated with increased odds of
self-reported diabetes, and high WC was associated with increased odds of total diabetes.
Older age, residing in a high-U.S.-migration state, 7 or more years of education, and obesity
were significantly associated with decreased odds of self-reported diabetes. Older age,
residing in a high-U.S.-migration state, and engagement in physical activity were
significantly associated with decreased odds of total diabetes.

Discussion

This study examined the prevalence and factors associated with prediabetes, undiagnosed
diabetes, and self-reported diabetes among Mexican adults from a subsample of the MHAS.
The percentage of prediabetes, undiagnosed diabetes, and total diabetes (undiagnosed and
self-reported) in this study cohort was 44.2%, 18.0%, and 39.4%, respectively. We found
that adults with high WHR and total cholesterol were more likely to have prediabetes.
Adults with overweight, obesity, and high WC were more likely to have undiagnosed
diabetes. Adults with a family history of diabetes, high central obesity, physician visits, and
vitamin D insufficiency were more likely to have diabetes. Those residing in a high-U.S.-
migration state and participating in vigorous physical activity were less likely to have
prediabetes, undiagnosed diabetes, or diabetes.

Compared with previous studies in the Mexican population, we found a higher prevalence of
adults with prediabetes and undiagnosed diabetes [11,25-27]. Previous studies in Mexico
were limited by small samples of younger populations in urban areas. Using impaired
fasting glucose criteria, two studies were conducted involving 288 young Mexicans aged
18-30 years and 2811 adults aged 20 years and older [26,27]. The prevalence of prediabetes
was 15% and 21.8%, respectively [26,27]. Data from the Mexican Diabetes Prevention
Study in 2008 showed a prediabetes prevalence of 18.6% among city-dwelling adults aged
30-65 years [25]. The Central America Diabetes Initiative study reported a prevalence of
prediabetes in those aged 60 years and older of 22.0% in Belize, 28.8% in San Jose, 35.0%
in San Salvador, 27.6% in Guatemala City, 20.0% in Tegucigalpa, and 20.0% in Managua
[28]. Our results are in line with a recent report published in the Diabetes Atlas by the
International Diabetes Foundation that showed a prevalence of undiagnosed diabetes in
North America and the Caribbean of 25.0%-29.4% in persons 20-79 years in 2012 [29].

We found significant associations among central obesity and prediabetes, and general and
central obesity with undiagnosed diabetes consistent with results from the Mexican Diabetes
Prevention Study [25]. The higher percent of prediabetes and undiagnosed diabetes in
Mexican older adults compared to other countries may be partially explained by the higher
rates of obesity in Mexico than in other countries in North, Central, and South America [30].
In 2012, the National Health and Nutrition Interview Survey of Mexico reported that 38.7%
of older adults were overweight, and 32.7% were obese [10]. Biological evidence suggests
that the lower levels of adiponectin associated with central obesity may increase the risk of
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type 2 diabetes [31-33]. We also found that women had a higher percent of prediabetes,
undiagnosed diabetes, and self-reported diabetes than men, which may be explained by the
higher prevalence of central obesity in women than men in this population [10]. In
developing countries like Mexico, a high prevalence of undiagnosed diabetes may be
explained by the limited health resources for preventive care and the lack of awareness of the
need for regular screening for chronic diseases.

Our results showed some differences in the demographic and clinical characteristics of
undiagnosed diabetes and self-reported diabetes. Overweight, obesity, and high WC were
common risk factors, while family history, high WHR, hypertension, cardiovascular disease,
vitamin D insufficiency, and physician visits were risk factors for self-reported diabetes.
Living in a state with high U.S.-migration and physical activity appeared to play a protective
role in undiagnosed diabetes and self-reported diabetes. Our findings on the association
between vitamin D insufficiency and diabetes are in line with previously published studies
[34,35]. Previous studies have found that return migrants have better socio-economic status,
social networking, and relatively better awareness of their health compared to non-migrants
[36]. This protective effect might be explained by the increase in household income through
remittances from abroad, a major portion of which is spent on health care [37].

Our study has some limitations. First, this study used cross-sectional data from 2012 which
limits the interpretation of causality between all covariates and prediabetes, undiagnosed
diabetes, and total diabetes. Second, we used a subsample from the larger sample
interviewed in 2012 which limits the generalizability of results to the national Mexican
population [9]. Third, our study lacks information on the use of medications, medical
conditions such as anemia, and prior surgical history or acute blood loss that can falsely
lower HbAlc. We used only HbA1c criteria to identify cases of prediabetes and undiagnosed
diabetes. The ADA recommends that a positive test for diabetes be confirmed by repeating
the same test [3]. An HbAlc concentration of 6.5% or more has acceptable sensitivity and
specificity, and it is linked to the risk of microvascular complications in nondiabetic adults
[38]. Fourth, our measure of physical activity was self-reported, which introduces potential
bias in estimating outcomes. Finally, we had no access to medical records to obtain detailed
information on health service use, which may influence the relationship between physician
visits and screening for prediabetes and diabetes. The study strengths include the large
sample and careful collection of biomarker data from adults living in rural and urban regions
in Mexico; inclusion of anthropometric measurements collected by trained interviewers,
which increases the accuracy of the association between BMI, WC, and WHR with
prediabetes and undiagnosed diabetes; and information on physician visits and health
insurance coverage, making it relevant from a policy perspective.

Conclusions

Early detection of prediabetes and regular screening of persons at high risk of diabetes
(people with obesity, high WC, and high WHR) will be helpful in reducing health care costs
and future medical complications [13,39]. With the implementation of a national health
insurance program “Seguro Popular” in Mexico, the percent of adults with prediabetes and
undiagnosed diabetes may decrease [40]. Mexican adults with diabetes have gained access to
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health care and have shown improvement in controlling blood glucose [41]. However,
Seguro Popular does not cover management of complications because of diabetes such as
amputation, post-amputation rehabilitation, and renal dialysis. Additional research is needed
to examine the role of obesity prevention, increased physical activity, and enhanced
screening to reduce diabetes in Mexican older adults and to provide evidence for including
such programs as part of the Seguro Popular.
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Fig. 1.
Flow chart for the whole study sample.
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Table 2

Multivariate logistic regression analysisfor prediabetes, n = 1216

Variable

Model 1, n = 1115

Model 2, n = 1118

Model 3,n=1118 Model 4, n = 1106

OR (95% Cl)

OR (95% Cl)

OR (95% CI)

OR (95% CI)

Age
Female
Married
Family history of diabetes
Urban
High migration state
Education
No education
1-5y
6y
27y
Physical activity
BMI (kg/m?) category
Normal (18.5 to <25)
Overweight (25 to <30)
Obese (=30)
Central obesity
High waist circumference
High waist-hip ratio
Smoking status
Never
Ever
Current
Physician visits
Insurance coverage
Medical conditions

Hypertension

CVD (heart attack or stroke)

Biomarker
HDL cholesterol
High total Cholesterol

Vitamin D insufficiency

1.00 (0.99-1.02)
1.45 (1.08-1.94) "
1.32 (0.96-1.82)
1.07 (0.79-1.43)
0.80 (0.59-1.08)

0.64 (0.48-0.86) *

Reference

0.65 (0.40-1.05)
0.62 (0.37-1.02)
0.66 (0.40-1.09)
1.09 (0.83-1.43)

Reference
1.06 (0.76-1.48)
1.20 (0.84-1.72)

Reference

1.00 (0.98-1.01)
1.32 (0.97-1.80)

1.34 (0.98-1.84)
1.06 (0.79-1.42)
0.81 (0.60-1.09)

0.61 (0.45-0.83) *

Reference

0.64 (0.39-1.04)
0.59 (0.35-0.98) ™
0.64 (0.39-1.05)
1.11 (0.84-1.46)

Reference

1.33(1.01-1.78)

Reference

1.00 (0.98-1.01)

1.55 (1.16-2.08) *
1.35 (0.98-1.86)
1.06 (0.79-1.42)
0.82 (0.61-1.11)

0.61 (0.46-0.83) ™

Reference

0.67 (0.41-1.08)
0.61 (0.36-1.00)
0.69 (0.42-1.13)
1.10 (0.83-1.45)

Reference

1.67 (1.15-2.42) "

Reference

1.00 (0.99-1.02)
1.22 (0.84-1.78)
1.39 (0.99-1.95)
1.12 (0.82-1.52)
0.80 (0.58-1.10)

0.61 (0.45-0.82) *

Reference

0.60 (0.36-1.00)

0.57 (0.33-0.97) *
0.65 (0.38-1.09)
1.18 (0.88-1.57)

Reference
0.73 (0.48-1.11)
0.72 (0.42-1.22)

1.23 (0.80-1.90)

1.61 (1.05-2.45) "

Reference

0.75 (0.53-1.07)
0.99 (0.63-1.54)
0.99 (0.69-1.42)
1.12 (0.76-1.64)

0.96 (0.70-1.31)
0.64 (0.29-1.38)

1.33 (0.97-1.83)

1.85(1.36-2.51)
1.29 (0.92-1.82)

Page 14
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CI = confidence interval; OR = odds ratio.

“m7” varies because of missing data. Participants with undiagnosed diabetes and self-reported diabetes were not included in this analysis. High waist
circumference was greater than 102 cm in men and greater than 88 cm in women. High WHR was 90 or more in men and 85 or more in women.
Low HDL cholesterol value was less than 40 mg/dL for men and less than 50 mg/dL for women. Total cholesterol value of less than 200 mg/dL
was a borderline high category. Vitamin D insufficiency was 25-hydroxyvitamin D less than 20 ng/dL.

Ann Epidemiol. Author manuscript; available in PMC 2017 March 01.



1duosnuepy Joyiny 1duosnue Joyiny 1duosnuepy Joyiny

1duosnue Joyiny

Kumar et al.

*
The Pvalue was significant (P < .05).

Ann Epidemiol. Author manuscript; available in PMC 2017 March 01.

Page 15



Kumar et al. Page 16

Table 3
Multivariate logistic regression analysis for undiagnosed diabetes, n = 1580
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Variable

Model 1, n = 1457

Model 2, n = 1461

Model 3, n=1444 Modd 4, n = 1446

OR (95% Cl)

OR (95% Cl)

OR (95% CI)

OR (95% CI)

Age
Female
Married
Family history of diabetes
Urban
High migration state
Education
No education
1-5y
6y
27y
Physical activity
BMI (kg/m?) category
Normal (18.5 to <25)
Overweight (25 to <30)

Obese (=30)
Central obesity

High waist circumference

High waist-hip ratio
Smoking status

Never

Ever

Current
Physician visits
Insurance coverage
Medical conditions

Hypertension

CVD (heart attack or stroke)

Biomarker
HDL cholesterol
High total cholesterol

Vitamin D insufficiency

1.00 (0.99-1.01)
1.00 (0.75-1.32)
1.08 (0.80-1.46)
1.02 (0.78-1.33)
0.95 (0.73-1.25)

0.56 (0.43-0.74) "

Reference

1.31 (0.85-2.01)
1.51 (0.96-2.36)
1.04 (0.66-1.64)

0.70 (0.54-0.91) *

Reference
2.37 (1.60-3.50) *

3.99 (2.71-5.90) *

Reference

0.99 (0.98-1.01)
0.80 (0.60-1.07)
1.10 (0.82-1.49)
1.04 (0.79-1.35)
0.98 (0.74-1.28)

0.53 (0.41-0.69) ™

Reference

1.32 (0.86-2.03)
1.51 (0.96-2.35)
1.03 (0.66-1.62)

0.72 (0.56-0.93) "

Reference

2.67 (1.99-3.59) "

Reference

0.99 (0.98-1.01)
1.20 (0.91-1.58)
1.13 (0.84-1.51)
1.06 (0.81-1.39)
1.03 (0.79-1.36)

0.57 (0.44-0.74)*

Reference

1.45 (0.95-2.23)

1.70 (1.09-2.66)
1.16 (0.74-1.82)

0.69 (0.53-0.89) "

Reference

1.94 (1.26-3.00) *

Reference

1.00 (0.98-1.01)
0.83 (0.59-1.18)
1.08 (0.79-1.48)
1.00 (0.76-1.32)
0.95 (0.71-1.26)

0.53 (0.41-0.70) *

Reference

1.35 (0.87-2.10)
1.61 (1.02-2.55)
1.06 (0.67-1.69)

0.74 (0.57-0.97) "

Reference
1.68 (1.07-2.64) *

2.38 (1.41-4.02) "

1.60 (1.06-2.40) *
1.18 (0.74-1.87)

Reference

0.96 (0.69-1.35)
1.28 (0.85-1.92)
1.10 (0.78-1.55)
1.06 (0.73-1.53)

0.95 (0.72-1.27)
1.27 (0.63-2.55)

1.28 (0.94-1.74)
1.13 (0.86-1.48)
1.21 (0.90-1.61)

1duosnuen Joyiny

ClI = confidence interval; OR = odds ratio.

“n” varies because of missing data. High waist circumference was greater than 102 cm in men and greater than 88 cm in women. High WHR was
90 or more in men and 85 or more in women. Low HDL cholesterol was less than 40 mg/dL for men and less than 50 mg/dL for women. Total
cholesterol value less than 200 mg/dL was a borderline high category. Vitamin D insufficiency was 25-hydroxyvitamin D less than 20 ng/dL.
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Table 4
Multivariate logistic regression analysisfor self-reported diabetes, n = 2012
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Variable

Model 1, n = 1844

Model 2, n = 1848

Model 3, n = 1848

Model 4, n = 1830

OR (95% Cl)

OR (95% Cl)

OR (95% CI)

OR (95% CI)

Age
Female
Married
Family history of diabetes
Urban
High migration state
Education
No education
1-5y
6y
27y
Physical activity
BMI (kg/m?) category
Normal (18.5 to <25)
Overweight (25 to <30)
Obese (230)
Central obesity
High waist circumference
High waist-hip ratio
Smoking status
Never
Ever
Current
Physician visits
Insurance coverage
Medical conditions

Hypertension

CVD (heart attack or stroke)

Biomarker
HDL cholesterol
High total cholesterol

Vitamin D insufficiency

1.00 (0.99-1.01)
1.30 (1.00-1.69) *
1.35 (1.02-1.79) "

2.48 (1.96-3.13) *
0.98 (0.76-1.26)

0.73 (0.57-0.94) *

Reference

1.01 (0.70-1.46)
0.89 (0.60-1.31)
0.61 (0.41-0.92) *

0.78 (0.61-0.99) *

Reference
1.32(0.96-1.81)
1.31 (0.95-1.82)

Reference

1.00 (0.98-1.01)
1.13 (0.86-1.48)
1.33 (1.01-1.76) "
2.42 (1.91-3.05)
0.98 (0.76-1.25)

0.71 (0.55-0.91) *

Reference
1.02 (0.71-1.47)
0.88 (0.59-1.30)

0.61 (0.40-0.91) *
0.79 (0.62-1.00)

Reference

1.54 (1.18-2.03) "

Reference

1.00 (0.98-1.01)
1.39 (1.07-1.80)
1.35 (1.02-1.79) *
2.41 (1.91-3.05)
1.01 (0.79-1.29)

0.72 (0.56-0.92) *

Reference
1.05(0.73-1.51)
0.93 (0.63-1.38)

0.65 (0.43-0.97) *
0.79 (0.62-1.00)

Reference

2.43 (151-3.91) "

Reference

0.98 (0.96-0.99)
1.04 (0.74-1.46)
1.30 (0.96-1.76)

2,52 (1.96-3.24) "
0.88 (0.67-1.15)

0.66 (0.51-0.86) ™

Reference
1.12 (0.76-1.65)
0.96 (0.63-1.47)

0.57 (0.37-0.88) *
0.93 (0.72-1.21)

Reference
0.84 (0.56-1.25)

0.59 (0.37-0.95) *

1.46 (0.98-2.16)

2.08 (1.24-351) "

Reference
1.30 (0.95-1.78)
1.02 (0.66-1.58)

*

3.98 (2.4-6.58)
1.33 (0.89-1.98)

2.02 (1.55-2.63)

1.83 (1.09-3.08) *

1.12 (0.89-1.51)
0.79 (0.60-1.03)

2.11 (1.61-2.76) "

1duosnuen Joyiny

CI = confidence interval; OR = odds ratio.

“7 varies because of missing data. High waist circumference was greater than 102 cm in men and greater than 88 cm in women. High WHR was
90 or more in men and 85 or more in women. Low HDL cholesterol less than 40 mg/dL for men and <50 mg/dL for women. Total Cholesterol
value of less than 200 mg/dL was a borderline high category. Vitamin D insufficiency was 25-hydroxyvitamin D less than 20 ng/dL
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Family history of diabetes
Urban
High migration state
Education
No education
1-5y
6y
27y
Physical activity
BMI (kg/m?) category
Normal (18.5 to <25)
Overweight (25 to <30)
Obese (=30)
Central obesity
High waist circumference
High waist-hip ratio
Smoking status
Never
Ever
Current
Physician visits
Insurance coverage
Medical conditions

Hypertension

CVD (heart attack or stroke)

Biomarker
HDL cholesterol
High total cholesterol

Vitamin D insufficiency

1.70 (1.39-2.08) *
0.95 (0.77-1.17)

0.60 (0.49-0.74) "

Reference

1.13 (0.82-1.56)
1.14 (0.81-1.59)
0.76 (0.54-1.06)

0.71 (0.58-0.87) "

Reference
1.85 (1.41-2.42)

2.56 (1.94-3.37) "

Reference

1.68 (1.37-2.05) °
0.96 (0.78-1.19)

0.57 (0.46-0.70) *

Reference

1.16 (0.84-1.59)
1.17 (0.83-1.63)
0.76 (0.54-1.07)

0.73(0.59-0.89) ™

Reference

2.26 (1.81-2.83) "

Reference

1.70 (1.39-2.08) *
1.01 (0.82-1.25)

0.60 (0.49-0.74) ™

Reference

1.21 (0.89-1.66)
1.26 (0.90-1.76)
0.84 (0.60-1.18)

0.73 (0.59-0.89) ™

Reference

2.30 (1.63-3.25) "

Reference

Kumar et al. Page 20
Table 5
Multivariate logistic regression analysisfor total diabetes (self-reported and undiagnosed
diabetes) n = 2012
Variable Model 1,n=1844 Model 2,n=1848 Model 3,n=1848 Model 4, n = 1830
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Age 1.00 (0.99-1.01) 0.99 (0.98-1.00) 0.99 (0.98-1.01) 0.98 (0.95-0.99) *
Female 1.16 (0.93-1.44) 0.93 (0.74-1.16) 1.32 (1.06-1.63) *0.91(0.69-1.20)
Married 1.21 (0.96-1.53) 1.21 (0.96-1.52) 1.24 (0.99-1.56) 1.16 (0.91-1.48)

1.64 (1.33-2.02) *
0.89 (0.71-1.15)

0.55 (0.45-0.69) *

Reference

1.20 (0.86-1.67)
1.24 (0.87-1.76)
0.75 (0.53-1.07)

0.80 (0.65-0.99) ™

Reference

1.24 (0.89-1.71)

1.31 (0.89-1.92)

1.60 (1.17-2.20)

1.55 (1.06-2.26) *

Reference
1.16 (0.86-.44)
1.21 (0.87-1.70)

1.82 (1.35-2.45) "
1.19 (0.88-1.61)

1.37 (1.10-1.70)
1.60 (0.97-2.64)

1.23 (0.97-1.57)
0.98 (0.79-1.21)

1.64 (1.30-2.05) "

1duosnuen Joyiny

CI = confidence interval; OR = odds ratio.

“7 varies because of missing data. High waist circumference was greater than 102 cm in men and greater than 88 cm in women. High WHR was
90 or more in men and 85 or more in women. Low HDL cholesterol value was less than 40 mg/dL for men and less than 50 mg/dL for women.
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Total cholesterol value of less than 200 mg/dL was a borderline high category. Vitamin D insufficiency was 25-hydroxyvitamin D less than 20
ng/dL

*
The Pvalue was significant (P < .05).

Ann Epidemiol. Author manuscript; available in PMC 2017 March 01.



	Abstract
	Introduction
	Methods
	Study population
	Study subsample
	Prediabetes, undiagnosed diabetes, and diabetes
	Covariates
	Statistical analysis

	Results
	Discussion
	Conclusions
	References
	Fig. 1
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5

