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Abstract

Aims—Adolescents with Type 2 diabetes are more likely to have cardiovascular disease (CVD)
risk factors but there are few data available among adolescents with prediabetes. We characterized
CVD risk factors among adolescents with prediabetes in the USA and compared levels of those
risk factors with adolescents with normal glucose.

Methods—The 2005-2014 National Health and Nutrition Examination Survey, a nationally
representative cross-sectional survey, included 2843 adolescents aged 12-19 years after excluding
those with diabetes. Prediabetes was based on an HbA, a fasting plasma glucose or a 2-h plasma
glucose. We determined cardiometabolic risk factors in adolescents using age-appropriate cut-off
points. We calculated odds ratios (OR) and 95% confidence intervals (CI) of these outcomes
associated with having prediabetes compared with normal glucose levels.

Results—The weighted prevalence of prediabetes was 17.4%. After adjustment, prediabetes (vs.
normal glucose) was associated with obesity (OR 1.86, 95% CI 1.35-2.55), low HDL-cholesterol
(OR 1.62, 95% CI 1.08-2.44), high triglycerides (OR 1.61, 95% CI 1.12-2.30) and elevated liver
transaminase (OR 2.09, 95% CI 1.19-3.67), but not with hypertension (OR 1.77, 95% CI 0.88-
3.54), elevated total cholesterol (OR 1.30, 95% CI 0.82-2.06), elevated LDL-cholesterol (OR 1.59,
95% CI 0.88-2.88) or albuminuria (OR 1.24, 95% CI 0.76-2.02).

Conclusions—US adolescents with prediabetes are more likely to have obesity, low HDL-
cholesterol, high triglycerides and elevated liver transaminase than adolescents with normal
glucose. Addressing prediabetes in youth is important for the prevention of Type 2 diabetes and
long-term comorbidity.

Introduction

Children and adults with prediabetes have elevated blood glucose levels that are close to but
below the cut-off point for diagnosing diabetes, indicating a higher risk of developing
diabetes than those with normal glucose levels [1,2]. Among adults, those with prediabetes
have a higher risk of cardiovascular disease (CVD) than those with normal glucose levels
[3]. However, there are relatively few data available investigating whether adolescents with
prediabetes have elevated levels of CVD risk factors [4-6]. In 20052014, the prevalence of
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prediabetes among adolescents 12—19 years of age in the US general population was 17.7%
[7]. Itis well established that those with Type 2 diabetes, even adolescents, are more likely
to have CVD risk factors such as obesity [8], hypertension [9] and elevated lipids [10,11]. In
fact, risk factors for CVD are often present at the time of Type 2 diabetes diagnosis in
adolescents [12]. Because Type 2 diabetes generally takes years to develop, it is unclear if
CVD risk factors are present during the prediabetes stage among adolescents.

Our objective was to characterize CVD risk factors among adolescents 12-19 years of age
with prediabetes in the US general population, and to compare levels of those risk factors
with adolescents with normal glucose levels. We investigated CVD risk factors including
obesity, hypertension, LDL-cholesterol, HDL-cholesterol, triglycerides, the liver marker
alanine aminotransferase (ALT) and albuminuria in our analysis.

Participants and methods

Study population

The National Health and Nutrition Examination Survey (NHANES) is a series of 2-year
stratified, multistage probability surveys designed to be representative of the civilian, non-
institutionalized US population [13]. We used data from 2005-2014, the years in which all
relevant glucose data were available. The response rate among adolescents was 83% for the
interview and 81% for the examination. We included adolescents 12—19 years of age who
participated in an in-home interview and a visit to a mobile examination centre (7= 2911).
We excluded adolescents with diagnosed and undiagnosed diabetes [based on American
Diabetes Association (ADA) criteria] [1] (7= 62) and those who were missing glucose
variables (n7= 6). The final sample size for our analyses included 2843 adolescents; 811 with
prediabetes and 2032 with normal glucose levels.

Written informed consent was obtained from adolescents aged 18-19 years; among those
aged 12-17 years, written assent was obtained and written informed consent was obtained
from parents/guardians. All protocols were approved by the National Center for Health
Statistics (NCHS) research ethics board.

Data collection

During an in-home interview, a standardized questionnaire was used to collect information
on age, race/ethnicity, sex, household income and smoking status in the past 5 days [13].
Total number of calories consumed and the percentage of calories from saturated fat were
obtained from a 24-h recall.

During the examination, a phlebotomist obtained a blood sample from adolescents according
to a standardized protocol [13]. HbA; was measured and the interassay coefficient of
variation ranged from 0.4% to 1.7%. Although different equipment was used over time,
calibration of HbA . is not necessary according to NHANES recommendations [14]. One-
half of the adolescents were randomly assigned to a morning examination session and had
fasting plasma glucose (FPG) measured; the interassay coefficient of variation ranged from
0.8% to 2.6%. Also in the morning examination session, an oral glucose tolerance test
(OGTT) was administered using a 75-g dose of glucose (or a calibrated dose if the
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adolescent weighed < 42.7 kg) and a venepuncture 2 h (£ 15 min) later to obtain a 2-h
plasma glucose. We calibrated glucose measurements as recommended by the NCHS [15].
Based on ADA criteria, we categorized adolescents as having prediabetes if they did not
have diabetes but had an HbA; of 39-46 mmol/mol (5.7-6.4%), a FPG of 5.5-7.0 mmol/Il
or a 2-h plasma glucose of 7.8-11.1 mmol/I [1].

Adolescents had their weight measured using a digital scale and height measured using a
stadiometer and BMI was calculated as weight in kilograms divided by height in metres
squared. Obesity was defined as having a BMI = 95th percentile of age- and sex-specific
NCHS growth charts for those aged 12-17 years = 30 kg/m? for adolescents aged 1819
years [16]. Blood pressure was measured up to three times and averaged with the first
measure excluded. Hypertension was defined as current use of antihypertensive medication
or an average systolic blood pressure (BP) or diastolic BP = 95th percentile of age-, sex- and
height-specific blood pressure for adolescents aged 12-17 years or = 140/90 mmHg for
those aged 18-19 years [17]. Total cholesterol, HDL-cholesterol and triglycerides were
measured enzymatically. We defined high total cholesterol as levels = 11.1 mmol/l, low
HDL-cholesterol as < 2.3 mmol/l and high triglycerides as = 7.3 mmol/l [18]. LDL-
cholesterol was estimated based on the Friedewald equation [19] and high LDL-cholesterol
was defined as levels = 7.3 mmol/l [18]. ALT was measured and elevated ALT was defined
as levels above the assay's reference range for adolescents 12-19 years of age (> 37 IU/l in
males and > 30 1U/I in females) [13]. A casual (or spot) urine sample was collected and
albumin and creatinine were measured. We defined albuminuria as an albumin-to-creatinine
ratio = 30 mg/g [20].

Statistical analysis

We calculated means or percentages of participant characteristics by prediabetes status. We
then calculated the percentage with prediabetes overall and stratified by age, race/ethnicity,
sex and BMI. We used logistic regression to estimate the odds ratios (OR) and 95%
confidence intervals (CI) of cardiovascular risk factors including obesity, hypertension, high
total cholesterol, high LDL-cholesterol, low HDL-cholesterol, high triglycerides, elevated
ALT and albuminuria (microalbuminuria in 90% of these adolescents and macroalbuminuria
in 10%) associated with having prediabetes. In these logistic regression models, we also
used conditional margins to estimate the percentage with each outcome by prediabetes
status. Three models were assessed: (1) unadjusted; (2) adjusted for age, race/ethnicity and
sex; and (3) additionally adjusted for household income, smoking status, daily calories
consumed, percentage of calories from saturated fat, BMI (except when obesity was the
outcome) and systolic BP (albuminuria model only). For outcomes significantly associated
with prediabetes, we characterized the shape of the association between glucose markers
(HbA ¢, FPG, 2-h plasma glucose) and the outcomes using restricted quadratic splines with
knots at the 10th and 50th percentiles of the weighted glucose distribution and a third knot at
the prediabetes cut-off point 39 mmol/mol (5.7%) for HbA¢, 5.5 mmol/Il for FPG and 7.8
mmol/l for 2-h plasma glucose; these cut-off points were generally close to the 90th
percentile of the weighted distribution. Spline analyses show the relative odds of the
outcome compared with a reference point equivalent to an HbA; of 31 mmol/mol (5%), a
FPG of 4.7 mmol/l or a 2-h plasma glucose of 5.5 mmol/l. Because the spline analysis shows
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the relative odds throughout the range of glucose values, the reference point is arbitrary; for
the current analysis, the reference values were chosen because they were approximately in
the middle of the distribution. Spline analyses used adjustment identical to the final adjusted
models above.

Appropriate sample weights were used for all analyses so that the sum of the sample weights
(MEC, fasting and OGTT weights) was equivalent to the total civilian non-institutionalized
US population; weights were used to account for unequal probabilities of selection and non-
response, and thus provide estimates representative of the non-institutionalized US
population. Data were analysed in 2017 using SUDAAN (version 10.0.1; RTI International,
Research Triangle Park, NC, USA) to account for the stratified, clustered sample design
used by NHANES.

Participants with prediabetes were less likely to be non-Hispanic white and more likely to be
Hispanic (Table 1). They were also less likely to be female and were more likely to be obese.
The weighted per cent with prediabetes was 17.4% of adolescents (Fig. 1; Table Al).
Prediabetes was more common in those aged 12-15 years (19.5%) than those aged 16-19
years (15.3%; P=0.01). Prediabetes was more common in non-Hispanic Black (20.1%; P=
0.02) and Hispanic participants (22.2%; £ = 0.002) than non-Hispanic white participants
(15.2%). Males (21.4%) were more likely to have prediabetes than females (13.3%; P <
0.001) and obese adolescents (24.4%) were more likely to have prediabetes than those who
were not obese (15.4%; P< 0.001). There was no difference in the prevalence of prediabetes
by income level (P=0.37) or smoking status (P = 0.62).

In unadjusted models, prediabetes was statistically significantly associated with obesity (OR
1.78), hypertension (OR 2.36), low HDL-cholesterol (OR 2.04), high triglycerides (OR 1.87)
and elevated ALT (OR 2.73), but not elevated total cholesterol, elevated LDL-cholesterol, or
albuminuria (Table 2). After multivariable adjustment, prediabetes was statistically
significantly associated with obesity (OR 1.86), low HDL-cholesterol (OR 1.62), high
triglycerides (OR 1.61) and elevated ALT (OR 2.09), but not hypertension, elevated total
cholesterol, elevated LDL-cholesterol or albuminuria. Prediabetes interaction terms with
race/ethnicity and with sex were not significant for any of the outcomes (all P-interaction
>0.05).

For adolescents with normal glucose levels and those with prediabetes, the multivariable
adjusted percentage with obesity was 17.7% and 28.6%, respectively (P < 0.001), with low
HDL-cholesterol was 7.8% and 12.1%, respectively (P= 0.02), with high triglycerides was
8.9% and 13.6%, respectively (P=0.01), and with elevated ALT was 2.9% and 5.9%,
respectively (P=0.01) (Table 2).

The multivariable relative odds of obesity, low HDL-cholesterol, high triglyceride levels and
elevated ALT associated with HbA4., FPG and 2-h plasma glucose are shown in Fig. 2. For
HbA 1, the odds of obesity, low HDL-cholesterol and elevated ALT were relatively flat
below 31 mmol/mol (5%) and they began to increase at around 31-37 mmol/mol (5.0-
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5.5%), while the odds of high triglycerides decreased with increasing levels of HbA.. For
FPG and 2-h plasma glucose, there was variation in the shape of the associations with each
outcome, particularly at lower levels, but the odds of all four outcomes increased as FPG and
2-h plasma glucose levels increased, with the increasing odds generally beginning at levels
above an FPG of 4.7-5.3 mmol/l and above a 2-h plasma glucose of 4.5 mmol/I.

Discussion

In this population-based study of 2843 adolescents age 12—-19 years in the US general
population, 17.4% (weighted) had prediabetes. Adolescents with prediabetes were more
likely to be obese, and independent of obesity, they were more likely to have low HDL-
cholesterol, high triglyceride levels and elevated ALT. The relative odds of obesity, low
HDL-cholesterol, high triglycerides and elevated ALT generally began to increase at levels
below the prediabetes cut-off points for HbA;., FPG and 2-h plasma glucose. Hypertension
was significantly more common in those with prediabetes, but not statistically significant
after adjustment for obesity, whereas total cholesterol, LDL-cholesterol and albuminuria did
not differ among adolescents with and without prediabetes.

The prevalence of prediabetes in US adolescents varies by age, comorbidities and whether
prediabetes is defined by the ADA (> 5.6 mmol/l) or World Health Organization (WHO; >
6.1 mmol/l) fasting glucose criterion. Previous literature has shown that the prevalence in the
USA was 2-9% based on the WHO criteria and 15-47% based on the ADA criteria [21].
These estimates align with our results; in subgroup analysis we found that the prevalence of
prediabetes ranged from 13.3% among females to 24.4% among those who were obese. The
higher prevalence of prediabetes among males compared with females may be a result of
puberty affecting glucose variability differently by sex; glucose homeostasis during puberty
is a relatively unstudied mechanism. In addition, we found that adolescents age 12-15 years
had a higher prevalence of prediabetes than those age 16—19 years. This finding may be
related to glucose homeostasis in normal weight youth during puberty, a relatively unstudied
mechanism. In supplemental analysis we found that the prevalence of prediabetes among
non-obese youth age 12-15 years was higher compared to non-obese youth age 16-19 years
(17.9% vs. 12.9%).

The relatively few studies investigating the association between prediabetes in adolescents
and cardiovascular risk factors have not been consistent, except for the association with
measures of adiposity. A previous study in NHANES 2005-2006 (n= 777) found that
adolescents with prediabetes were more likely to be obese and to have a composite outcome
defined as at least two of the following risk factors: high waist circumference, hypertension,
high triglycerides and low HDL-cholesterol [4]. A study in NHANES 1999-2004 (7= 2764)
found that adolescents with prediabetes had higher levels of triglycerides and non-HDL-
cholesterol, but no difference in LDL-cholesterol or HDL-cholesterol [5]. In a cross-
sectional study conducted in Turkey (7= 198) and one conducted in China (7= 933),
children and adolescents with prediabetes had higher levels of adiposity, but not other
cardiovascular risk factors such as hypertension or lipids [22,23]. Conversely, in a cross-
sectional study conducted in Mexico among children 6-13 years of age (n7= 1238), impaired
fasting glucose was not associated with obesity or LDL-cholesterol but was associated with
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higher levels of total cholesterol and higher levels of HDL-cholesterol [24]. Differences in
these studies may be due to a focus on different age ranges, the studies being conducted in
different countries, the use of different definitions for prediabetes and CVD risk factors
and/or adjustment for different covariates. Our study found that prediabetes was not
associated with total cholesterol or LDL-cholesterol; however, it was associated with
obesity, low HDL-cholesterol and high triglyceride levels. In addition, prediabetes was
associated with hypertension in partially adjusted models, but not in models including
adjustment for obesity; a stronger association between prediabetes and hypertension may be
shown with a lower blood pressure cut-point, which was recently recommended for adults
[25]. These findings are similar to findings in adults with prediabetes [26].

We also found an association between prediabetes and elevated ALT. An association with
liver damage/disease is consistent with a previous cross-sectional study of children <18
years of age with non-alcoholic fatty liver disease that found those with prediabetes were
more likely to have progressed to non-alcoholic steatohepatitis [6].

In our study, the prevalence of prediabetes was higher among those 12-15 years of age than
among those 16-19 years of age. This difference may be due to random variability or it may
be due to more children going through puberty in the younger age group or the use of cut-off
points that are not appropriate for this population [26]. There is substantial discordance
between the three markers used to diagnose diabetes and prediabetes. For example, one
study found that among adolescents with HbA in the prediabetes range (39-46 mmol/mol,
5.7-6.4%), 53% had a 2-h plasma glucose in the normal range [27]. Furthermore, there is
variability over time as children and adolescents age. Among sixth-grade students with an
HbA 1 in the prediabetes range, 40% had HbA that regressed to the normal range when
measured 2 years later and among those with FPG in the prediabetes range (5.5-7.0 mmol/l),
52% had FPG that regressed to the normal range 2 years later [28]. In our study, if
participants with normal glucose were misclassified as having prediabetes, then it would
likely attenuate associations with the cardiovascular risk factors as long as levels of the
outcomes did not affect measurement of the glucose markers. In supplemental analysis, we
found that the association with obesity, hypertension, LDL-cholesterol and HDL-cholesterol
was stronger among those defined with prediabetes based on having any two diagnostic
criteria than those defined by only one diagnostic criteria.

The cross-sectional nature of our study is a limitation, as the possibility of reverse causation
or that both prediabetes and the CVD risk factors were a result of a common cause prevents
us from determining causality in the observed associations in our study. Additionally, there
were relatively few cases of hypertension, which limited power when comparing people with
and without prediabetes (prevalence of hypertension was 4.3% vs. 1.8%, respectively). We
also had too few cases of chronic kidney disease to include in our study, but we had
sufficient power to include albuminuria. We did not have data on pubertal stage and could
not account for any effect that puberty may have had on blood glucose or CVD risk factors.
Finally, glucose measures are subject to variability, were only available at one time-point
and could not be repeated. However, the ADA does not require a second glucose measure to
determine prediabetes [29].
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Despite the limitations, our study maintained several important strengths. The decade-long
2005-2014 NHANES was a large study, allowing us to identify a relatively large number of
adolescents with prediabetes and a sufficient number of most of the outcomes in our
analysis. In addition, NHANES was designed to be representative of the civilian, non-
institutionalized US general population. The NHANES data were collected using rigorous
study protocols that did not meaningfully change over time and included thorough quality-
control procedures and the use of technicians trained and certified in data collection.

We found that 17.4% of our population had prediabetes and this group of adolescents was
more likely to be obese and to have additional cardiovascular risk factors independent of
obesity including low HDL-cholesterol, high triglyceride levels and elevated ALT. These
findings extend the association of Type 2 diabetes and cardiovascular risk factors in
adolescents to those with prediabetes. Indeed, we observed increasing odds of these
outcomes beginning at levels below the cut-off point for prediabetes, suggesting that insulin
resistance may be the underlying pathophysiology for these risk factors. The issue is
particularly concerning because prediabetes affects a large proportion of adolescents and the
prevalence has been increasing over time [30]. Our findings highlight a pressing need for
further research regarding Type 2 diabetes and prediabetes in adolescents and the long-term
health consequences of developing these conditions so early in life. In addition, there is a
need for physicians to address the cardiovascular risk factors that are prevalent in a large
proportion of US adolescents regardless of their glycaemic status because reducing obesity
may help reduce the development of Type 2 diabetes and reducing other risk factors may
reduce diabetic complications. Given the long life expectancy for adolescents, physicians
should consider both lifestyle and pharmacological treatment options for their patients with
prediabetes and/or cardiovascular disease risk factors.

Acknowledgments

Appendix

Funding sources: This work was supported by a contract (GS10F0381L) from the National Institute of Diabetes
and Digestive and Kidney Diseases (NIDDK). The findings and conclusions in this report are those of the authors
and do not necessarily represent the official position of the NIDDK.

Table A1
Weighted percent with prediabetes overall and stratified

by participant characteristics, 2005-2014 National
Health and Nutrition Examination Survey

Percent (95% CI)  P-value

N = 2843
Overall 17.4 (15.5-19.3)
Age (years)
12-15 19.5 (16.9-22.1) Reference
16-19 15.3 (12.8-17.7) 0.01

Race/ethnicity
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Percent (95% CI) P-value

N = 2843

Non-Hispanic white 15.2 (12.2-18.3) Reference

Non-Hispanic Black  20.1 (17.7-22.6) 0.02

Hispanic 22.2 (19.2-25.2) 0.002
Sex

Male 21.4 (18.9-23.8) Reference

Female 13.3 (10.6-16.0) <0.001
Household income ($)

< 20000 19.0 (15.4-22.7) Reference

>20 000 16.9 (14.5-19.3) 0.37
Smoking

Yes 18.4 (12.6-24.2) Reference

No 16.9 (14.9-18.9) 0.62
BMI

Not obese 15.4 (13.5-17.3) Reference

Obese ™ 24.4(19.5-29.4)  <0.001

*
Based on the 95th percentile of BMI for those age 12-17 years and BMI = 30 kg/m2 for those age 18-19 years.
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What's new?

. Adolescents with Type 2 diabetes are more likely to have cardiovascular
disease (CVD) risk factors but there are few data available among adolescents
with prediabetes.

. Using a nationally representative survey, we found that US adolescents with
prediabetes were more likely to have obesity, low HDL-cholesterol, high
triglycerides and elevated liver transaminase than adolescents with normal
glucose.

. We observed increasing odds of these health outcomes beginning at levels
below the cut-off point for prediabetes.

. Addressing prediabetes and comorbidity in youth is important to reduce the
risk of Type 2 diabetes and the risk of substantial long-term health
consequences.
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Figure 1.
Weighted per cent with prediabetes overall and stratified by participant characteristics,

2005-2014 National Health and Nutrition Examination Survey.
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Figure 2.
Adjusted relative odds of obesity, low HDL-cholesterol, high triglycerides and elevated ALT

by HbA . (upper), fasting plasma glucose (middle) and 2-h plasma glucose (lower).
Background histogram of the glucose marker is displayed on the right-hand axis. The
prediabetes cut-off point for each marker is indicated by a dashed line. ALT, alanine
aminotransferase; HDL, high-density lipoprotein. 2005-2014 National Health and Nutrition
Examination Survey.
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Table 1

Participant characteristics (se) by diabetes status, 2005-2014 National Health and

Nutrition Examination Survey”

Normal glucose N =2032  pregiabetes’ N=811  P-value?
Age, years 15.5 (0.06) 15.3(0.13) 0.08
Race/ethnicity¥ 0.02
Non-Hispanic white, % 60.3 (2.25) 51.4 (3.71)
Non-Hispanic Black, % 14.3 (1.26) 17.1 (1.87)
Hispanic, % 18.0 (1.50) 245 (2.61)
Female, % 51.8 (1.77) 37.8(2.58) <0.001
Household income < $20 000, % 14.9 (1.43) 16.8 (1.95) 0.37
Smoke, % 14.6 (1.15) 16.0 (2.37) 0.61
Total daily calories, kcal 2115 (27.7) 2149 (65.1) 0.59
Per cent of calories from saturated fat, mean % 11.1 (0.11) 11.4 (0.21) 0.18
Obese, % 18.4 (1.33) 28.6 (2.68) <0.001

*
Weighted data are presented.

Page 13

7‘Prediabetes based on HbAlc 39-46 mmol/mol (5.7-6.5%), fasting plasma glucose 5.5-7.0 mmol/l or 2-h plasma glucose 7.8-11.1 mmol/I.

’tP—vaIue determined using two-tailed, large-sample z-tests.

§Other race/ethnicity not shown.
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Table 2
Adjusted percentage (95% CI) and odds ratios (95% CI) of obesity, hypertension, high
total cholesterol, high LDL-cholesterol, low HDL-cholesterol, high triglycerides, elevated
ALT and albuminuria associated with prediabetes status, 2005-2014 National Health and
Nutrition Examination Survey

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Percentages 0Odds ratiost
Normal glucose Prediabetes P-value

Obesity

Unadjusted 18.4 (15.9-21.2) 28.6(23.6-34.3) <0.001 1.78(1.32-2.38)

Multivariable model 1 18.1 (15.6-20.9) 28.4 (23.1-34.4) <0.001 1.79 (1.33-2.41)

Multivariable model 27 17.7 (15.1-20.7)  28.6 (22.9-35.0) <0.001  1.86 (1.35-2.55)
Hypertension

Unadijusted 1.8 (1.2-2.9) 4.3(2.6-6.9) 0.01  2.36(1.24-4.52)

Multivariable model 17 1.6 (1.0-2.7) 3.2(1.8-5.6) 0.03 2.04 (1.06-3.93)

Multivariable model 27 1.2 (0.7-2.1) 2.1(1.1-4.0) 011  1.77(0.88-3.54)
High total cholesterol

Unadjusted 8.0 (6.5-9.8) 10.7 (7.7-14.9)  0.15  1.38(0.89-2.14)

Multivariable model 1~ 7.9 (6.4-9.6) 11.0 (7.8-15.3) 0.11 1.45 (0.92-2.27)

Multivariable model 27 7.7 (6.1-9.5) 9.7 (6.9-13.6) 0.26  1.30(0.82-2.06)
High LDL-cholesterol

Unadjusted 5.9 (4.6-7.6) 9.4 (6.0-14.4) 0.09 1.65 (0.93-2.92)

Multivariable model 17 5.7 (4.4-7.3) 9.3 (5.9-14.4) 0.07 1.71 (0.95-3.10)

Multivariable model 27 5.4 (4.0-7.2) 8.3 (5.3-12.6) 0.12 159 (0.88-2.88)
Low HDL-cholesterol

Unadjusted 10.6 (8.7-12.7)  19.4 (15.6-23.9) <0.001 2.04 (1.43-2.91)

Multivariable model 1 9.9 (8.2-11.8) 17.9(13.8-23.0) <0.001 2.00(1.36-2.93)

Multivariable model 27 7.8(6.5-9.5)  12.1(8.8-165)  0.02  1.62 (1.08-2.44)
High triglycerides

Unadjusted 10.8(9.1-12.8)  18.4(14.4-23.3) <0.001 1.87 (1.35-2.58)

Multivariable model 1* 9.9 (8.4-11.7)  17.3(13.2-22.3) <0.001  1.90 (1.35-2.68)

Multivariable model 27 8.9(7.3-10.8)  13.6(9.7-186) 001  1.61(1.12-2.30)
Elevated ALT

Unadjusted 5.1(3.9-6.5) 12.7 (9.5-16.6) <0.001 2.73 (1.70-4.38)

Multivariable model 1* 4.2 (3.3-5.4) 10.8 (7.7-15.1)  <0.001  2.74 (1.73-4.35)

Multivariable model 27 2.9 (2.1-4.0) 5.9 (3.6-9.4) 0.01  2.09(1.19-3.67)
Albuminuria

Unadjusted 11.8(10.0-13.9)  11.6 (8.6-15.6) 0.95 0.99 (0.66-1.48)

Multivariable model 1* 104 (8.6-12.5)  11.5(8.2-15.9)  0.61  1.12(0.72-1.72)

Multivariable model 27 9.6 (7.6-12.0)  11.6(7.6-17.2) 039  1.24 (0.76-2.02)

Diabet Med. Author manuscript; available in PMC 2019 November 05.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Casagrande et al. Page 15

Cl, confidence interval; ALT, alanine aminotransferase; CVD, cardiovascular disease.
*
Multivariable model 1 adjusted for age, race/ethnicity and sex.

fMuItivariabIe model 2 adjusted for age, race/ethnicity, sex, income, smoking, daily calories consumed, per cent of calories from saturated fat, BMI
(except obesity model) and systolic BP (albuminuria model only).

’tOdds ratio determined from logistic regression.
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