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SUMMARY

This chapter focuses on the relationships of three common chronic liver diseases—nonalcoholic fatty liver disease (NAFLD), viral hepatitis,
and cirrhosis—and of gallstone disease with diabetes.

NAFLD requires finding fat (steatosis) in the liver in the absence of heavy alcohol consumption and other secondary causes of hepatic
steatosis. In a nationally representative sample of the U.S. population, the prevalence of NAFLD assessed by ultrasonography was
greater among persons with diagnosed (45.5%) and undiagnosed (43.1%) diabetes and prediabetes (24.9%) compared to those with
normal glucose (15.9%). Diabetes and insulin resistance are thought to be closely linked to the development and progression of NAFLD.
However, there is also evidence that NAFLD increases the risk of diabetes. The risk of incident diabetes was at least twice as high among
persons with NAFLD in several prospective studies that defined NAFLD based on elevated liver enzymes.

Hepatitis C virus (HCV) infection has been associated with an increased risk of diabetes, although results of population-based studies have
been inconsistent. In contrast, there is little evidence that hepatitis B virus (HBV) infection increases the risk of diabetes. In a nationally

representative sample of the U.S. population, HCV infection (HCV antibody positive) was not associated with diabetes (odds ratio [OR] 0.8)
or prediabetes (OR 1.0). Similarly, HBV infection (HBV core antibody positive) was unrelated to diabetes (OR 1.0) and prediabetes (OR 1.1).

Diabetes is found in a high proportion of patients with cirrhosis (35%—71%), regardless of the liver disease etiology. Furthermore, the
proportion of diabetes among those with cirrhosis is particularly high (as much as 71%) in studies that have included oral glucose toler-
ance testing. Among patients listed as candidates for liver transplantation, more than one-quarter carry a diagnosis of diabetes, which
is double the proportion 20 years ago. Patients with diabetes awaiting liver transplantation have an increased risk of removal from

the waiting list due to dying before transplantation or to deteriorating health resulting in medical contraindications to transplantation
(OR 1.2). After liver transplantation, new-onset diabetes has been commonly reported (as high as 54% of HCV positive patients), usually
among patients without adequate glucose testing before transplantation.

Finally, a high prevalence of gallstone disease (gallstones or history of cholecystectomy) was documented by ultrasound among persons
with diagnosed (33.3%) and undiagnosed (23.3%) diabetes and prediabetes (20.8%) compared to persons with normal glucose (16.7%)
in a nationally representative sample of the U.S. population. This relationship was present across demographic subgroups, for both
gallstones and cholecystectomy. Review of published epidemiologic studies of ultrasound-detected gallstone disease likewise indicates
a fairly consistent association of gallstone disease with diabetes independent of adiposity or other shared risk factors. An association of
insulin resistance with gallstone disease has also been shown among those without diabetes. For example, gallstone disease was 60%
more common among the highest compared to the lowest fasting serum insulin quintile among U.S. women. Insulin resistance may be
a link between diabetes and gallstone disease.

INTRODUCTION

This chapter concerns the relationship the association of diabetes with a few signif-  chronic hepatitis C virus (HCV) infection,
between diabetes and certain chronic liver  icant and relatively common liver diseases chronic hepatitis B virus (HBV) infection,
diseases and gallstone disease. It does for which there are national data. These and cirrhosis. Hepatocellular carcinoma
not address all liver diseases, of which are fatty liver, especially fatty liver in the (HCC) is addressed in Chapter 29 Cancer
there are many, or chronic liver disease in absence of significant alcohol consumption and Diabetes. The significance of diabetes
general. Rather, the authors have examined (nonalcoholic fatty liver disease [NAFLD]), in liver transplantation and its occurrence
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posttransplantation are examined in

this chapter. Finally, the association of
diabetes with gallstones and cholecystec-
tomy is described.

As the various forms of hepatobiliary
disease are discussed in the following
sections, the reader is cautioned not to

DATA SOURCES AND LIMITATIONS

infer causal relationships with diabetes.
Diabetes, certain liver diseases, and gall-
stones share numerous risk factors and
pathophysiologic pathways. It has been
difficult to establish that one condition

precedes another, much less a causal rela-

tionship. For example, although a greater
than twofold increase in liver disease

mortality has been reported among
persons with diabetes (1,2), it should
not be inferred necessarily that diabetes
caused the increase.

NATIONAL HEALTH AND NUTRITION
EXAMINATION SURVEYS

The National Health and Nutrition
Examination Surveys (NHANES) are
nationally representative surveys
conducted in the United States by the
National Center for Health Statistics

of the Centers for Disease Control and
Prevention to assess the health and
nutritional status in the general U.S.
population (3). The NHANES consist

of interviews, physical examinations,
and laboratory tests. The NHANES IlI
(1988-1994) and NHANES 1999-2010
were used in this chapter to generate
new data for the U.S. population on the
relationships of NAFLD, HCV, HBYV, and
gallstone disease with diabetes and
prediabetes. The NHANES IlI provided
the only national data on hepatic
steatosis and on subclinical gallstone
disease. Abdominal ultrasonography
was performed on adults age 20-74
years who underwent an examination at
a mobile examination center in order to
identify subclinical gallstone disease. The
NHANES IlI ultrasounds were reviewed in
2009-2010 to identify hepatic steatosis.
NHANES serum specimens have been
analyzed for markers of HBV (core total
antibody [HBcAb] and surface antigen
[HBsAg]) and of HCV (antibody and,
since 1999, ribonucleic acid [RNA]). The
NHANES also provided national data on

undiagnosed and diagnosed diabetes.
Participants were asked about a health
care provider diagnosis of diabetes and
had measurements of serum glycosylated
hemoglobin (Alc) and fasting plasma
glucose. Diabetes is defined in the
NHANES Ill as diagnosed diabetes (self-
reported doctor or health professional
diagnosis) and, among persons without a
diagnosis, as undiagnosed diabetes (Alc
=6.5% [=48 mmol/mol] or fasting glucose
=126 mg/dL [=6.99 mmol/L]), prediabetes
(Alc 5.7%—6.4% [39—46 mmol/mol]

or fasting glucose 100—125 mg/dL
[5.55-6.94 mmol/L]), or normal glucose
levels (Alc <5.7% and fasting glucose
<100 mg/dL).

A strength of the NHANES is the large
sample that is representative of the
general U.S. population. A limitation of
these surveys is the cross-sectional design
that does not permit determination of
temporal relationships between abnormal
glucose metabolism and diseases of

the liver and gallbladder. An additional
limitation of the NHANES Ill is the use

of ultrasound for detection of hepatic
steatosis, whereas the criterion standard
is a histological diagnosis. Ultrasound
was found to be accurate for predicting
moderate-severe fatty liver in relation to
histology with an area under the receiver
operating characteristic curve (AUROC)

of 0.93 and a sensitivity of 85% and spec-
ificity of 94% in a 2011 meta-analysis (4).
However, it is insensitive to mild steatosis
and cannot be used to differentiate steato-
hepatitis from steatosis or to identify
fibrosis, so ultrasound may underestimate
the true prevalence of fatty liver disease.

SCIENTIFIC REGISTRY OF
TRANSPLANT RECIPIENTS

The Scientific Registry of Transplant
Recipients (SRTR) is a national database
of transplantation statistics that was
founded to support the evaluation of the
scientific and clinical status of solid organ
transplantation, including liver (5). Data
are collected by the Organ Procurement
and Transplantation Network from hospi-
tals and organ procurement organizations
throughout the United States. The SRTR
is administered by the Chronic Disease
Research Group of the Minneapolis
Medical Research Foundation. The SRTR
Standard Analysis File (SAF) includes
data on all persons in the U.S. population
listed as candidates for liver transplanta-
tion. Information on diabetes has been
included in the SAF since 1994. The SRTR
was used in this chapter to examine the
relationship of liver transplantation and
diabetes in the U.S. population. A limita-
tion of this database is that the quality of
the data is unverified. Information on a
diabetes diagnosis is self-reported.

NONALCOHOLIC FATTY LIVER DISEASE AND NONALCOHOLIC STEATOHEPATITIS

NONALCOHOLIC FATTY LIVER
DISEASE: DESCRIPTION

AND DIAGNOSIS

NAFLD is a chronic liver disease that
affects people with and without diabetes.
NAFLD encompasses a spectrum of liver
(histopathologic) abnormalities ranging
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from a simple accumulation of fat (simple
steatosis), to a necroinflammatory condi-
tion known as nonalcoholic steatohepatitis
(NASH), to various stages of fibrosis, which
if advanced, may culminate in cirrhosis.
As with other chronic liver diseases, once
cirrhosis is present, HCC can occur.

In addition, there is growing evidence that
HCC can occur in NAFLD even without
substantial fibrosis or cirrhosis (6).

Hepatic steatosis has a number of
underlying etiologies, including certain
medications (e.g., tamoxifen), genetic



metabolic disorders (e.g., Weber-Christian
disease), hepatotoxins (e.g., solvents), and
nutritional supplementation (e.g., paren-
teral nutrition). Alcohol consumption is
also a major cause of hepatic steatosis.
NAFLD is diagnosed when steatosis and/or
steatohepatitis are present in the absence
of these other underlying causes, including
significant alcohol consumption. Although
the level of evidence is moderate-low, the
2012 NAFLD guidelines from the American
Association for the Study of Liver Diseases,
the American College of Gastroenterology,
and the American Gastroenterological
Association recommend using cutoffs of
>21 drinks on average per week in men
and >14 drinks on average per week in
women as representing significant alcohol
consumption (7). Given the propensity

of individuals to under-report alcohol
consumption, in the analyses conducted
for this chapter, excessive alcohol use was
defined as >2 drinks per day for men and
>1 drink per day for women (8).

NAFLD is a diagnosis confirmed by a liver
biopsy, accompanied by a suggestive
history and exclusion of other causes

of liver disease (7). However, liver

biopsies are typically not feasible in
population-based epidemiologic studies.
Therefore, the diagnosis is usually made
using surrogate markers, such as radio-
logic imaging with ultrasonography,
computerized tomography, magnetic reso-
nance (MR) imaging, or less optimally, liver
enzymes. Fibroscan®, which can detect
liver stiffness as an estimate of fibrosis,
was approved in 2013 by the U.S. Food
and Drug Administration; however, data
acquisition and accuracy appear lower

in obese patients compared to those of
normal weight. MR elastography, which
can accurately estimate fibrosis in a variety
of liver diseases, can be affected by inflam-
mation and is expensive and not yet widely
available. To date, ultrasound remains the
most widely used imaging modality across
the United States and worldwide. As with
biopsy, these tests are generally used in
combination with history and laboratory
tests, such that NAFLD is often defined as
radiologic evidence of liver fat or abnormal
liver enzyme elevation in the absence of
significant alcohol consumption, use of

some medications, viral hepatitis, or iron
overload. These surrogate tests vary widely
in their costs, and to date, none has been
able to accurately detect inflammation or
NASH or to stage fibrosis (9).

The Fatty Liver Index was developed in
Italy to more accurately detect fatty liver
disease using physical measures and
laboratory tests (10). The formula for

the Fatty Liver Index is: FLI = (g 0-93"Ioe¢
(triglycerides) + 0.139*BMI + 0.718*loge (ggt) + 0.053*waist

circumference - 15.745) / (1 +e 0.953*loge (triglycerides)

+0.139*BMI + 0.718*loge (ggt) + 0.053*waist circumference

-15745) * 100 (where GGT is gamma glutam-

yltransferase and BMI is body mass index).
In the initial study, a Fatty Liver Index
score <30 had a negative likelihood ratio
of 0.2, effectively ruling out fatty liver
(sensitivity of 87%), and a score =60 had

a positive likelihood ratio of 4.3, ruling

in fatty liver disease with a specificity

of 86%. The Fatty Liver Index has been
validated against ultrasound in several
studies, with an AUROC of 0.81-0.82
(11,12). It correlates very well with another
noninvasive marker, the SteatoTest, that

is available clinically and, when using the
recommended cutoffs, has a sensitivity of
80.3% and a specificity of 87% compared
to ultrasound. Furthermore, the Index was
predictive of liver-related mortality in one
cohort (13).

It is worth noting that none of these indirect,
nonbiopsy measures of NAFLD are reliably
able to stage the severity of the disease,
correctly identify individuals with NASH,

or stage fibrosis. Furthermore, at this time,
there is no standard accepted definition

of NAFLD in epidemiologic studies, and
therefore, estimates of NAFLD prevalence
vary widely, even using the same data
(such as the NHANES III).

PREVALENCE OF NAFLD IN

THE UNITED STATES

Despite the limitations of epidemiologic
studies to diagnose NAFLD, it is believed
that NAFLD is the most common chronic
liver disease in the United States. The
estimated prevalence of NAFLD in the
United States ranges from 5% to 31% of
the general population, depending on
the diagnostic method used (14), and
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is increasing over time (15). NAFLD is
strongly associated with obesity, insulin
resistance, and type 2 diabetes, which are
thought to contribute to the underlying
pathophysiology of the disease.

Several studies have used data from the
NHANES Ill to estimate the prevalence of
NAFLD in those with and without diabetes
(16). In new analyses for Diabetes in
America, 3rd edition, using abdominal
ultrasound data from the NHANES Il to
detect moderate to severe steatosis, and
after excluding heavy drinkers (>2 drinks/
day for men or >1 drink/day for women)
and standardizing for age, NAFLD was
present in 23.9% of adults overall in the
general population and affected 45.5%

of those with diagnosed diabetes, 43.1%
with undiagnosed diabetes, 24.9% with
prediabetes, and 15.9% with normal
glucose levels (Figure 26.1) (17). The
prevalence of NAFLD was higher in
middle-aged and older adults, peaking

in adults age 45—64 years with diabetes
(Table 26.1). NAFLD was more common
in men than women and in Mexican
Americans compared to whites, with
blacks having the lowest prevalence.
Among adults with diabetes, however,
men and women had the same prevalence,
and Mexican Americans and whites had a
similar prevalence (Table 26.1).

In the NHANES 1999-2010, using the
Fatty Liver Index in the fasting sample
to detect NAFLD after excluding HBY,
HCV, and heavy drinkers, the prevalence
of NAFLD was 46.5% in the general
population and affected 70.8% of those
with diagnosed diabetes, 79.4% with
undiagnosed diabetes, 53.3% with
prediabetes, and 30.7% with normal
glucose levels (Figure 26.1, Table 26.2).
Similar to the data from the NHANES

Il using ultrasound, NAFLD prevalence
peaked in middle age, and the difference
in prevalence between men and women
and across racial/ethnic groups was
substantially reduced in people with
diabetes (Table 26.2).

Finally, in the NHANES 1999-2010, the

prevalence of an elevated aspartate
aminotransferase (AST), alanine
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aminotransferase (ALT), or GGT was
used as a measure of liver injury. (Liver
enzyme cutoffs were defined as the 95th
percentile in a subgroup of adults at low
risk for liver injury, that is: negative for
HBsAg and HCV antibody; consumption
of <2 drinks per day for men or <1
drink per day for women; BMI <25 kg/
m?; waist circumference <102 cm for
men or <88 cm for women; no health
care provider-diagnosed diabetes; and
Alc <6.5%.) In the total population, the
prevalence of an elevated AST, ALT, or
GGT was 19.8% overall, including 26.3%
in people with diabetes and 19.1%

in those without. Exclusion of heavy
drinkers did not substantively change
these estimates; 19.1% of adults overall
had evidence of probable NAFLD,
including 25.7% of those with diabetes
and 18.4% of those without diabetes
(Figure 26.1, Table 26.3). Using this
definition, NAFLD was more common in
women and more common among those
age 20—44 years with diabetes (32.2%).

In a new analysis for Diabetes in America,
among persons with diagnosed diabetes,
those taking diabetes medications had the
same or somewhat increased prevalence
of NAFLD defined using the Fatty Liver
Index or elevated liver enzymes compared
to those not taking the medications

(Table 26.4). The two exceptions were
those taking thiazolidinediones or insulin.
Those taking thiazolidinediones had a
lower prevalence of NAFLD than those
not taking thiazolidinediones, as defined
by elevated liver enzymes (20.6% vs.
27.1%) (Table 26.4), but not by the Fatty
Liver Index. This finding is consistent

with the results of several treatment

trials of NAFLD, which have shown that
thiazolidinediones improve steatosis and
NASH (18,19) and may improve fibrosis
(20). Those taking insulin had a lower
prevalence of steatosis on ultrasound
(35.8% vs. 49.1%) (Table 26.4), but not

by the Fatty Liver Index or liver enzymes.
The explanation for this observation is less
clear but may reflect patients with more
advanced diabetes and more advanced
liver disease where steatosis has been
replaced by fibrosis. Further research is
needed to confirm this finding.
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FIGURE 26.1. Age-Standardized Prevalence of Nonalcoholic Fatty Liver Disease, by Diabetes
Status, U.S., 1988-1994 and 1999-2010

M Diagnosed diabetes
90 - M Prediabetes

Undiagnosed diabetes
Normal glucose

75 I

45 - I
30+ 1 *

Prevalence (%)

Hepatic Steatosis*,
1988-1994

Elevated Liver Enzymest, Fatty Liver Index =603,
1999-2010 1999-2010

Diagnosed diabetes is defined as self-reported health care provider diagnosis. Undiagnosed diabetes is defined

as glycosylated hemoglobin (Alc) =26.5% or fasting plasma glucose =126 mg/dL; prediabetes is defined as Alc

5.7%—6.4% or fasting plasma glucose 100—125 mg/dL; normal glucose is defined as Alc <5.7% and fasting plasma

glucose <100 mg/dL. Data from 1988-1994 are standardized to the National Health Interview Survey 1991 diabetic
population age 20—74 years using age categories 20—44, 45—-64, and 65-74 years. Data from 1999-2010 are
standardized to the National Health Interview Survey 2010 diabetic population age =20 years using age categories

20-44, 45-64, and =65 years. Error bars represent 95% confidence intervals. Conversions for Alc and glucose

values are provided in Diabetes in America Appendix 1 Conversions.

* Moderate-severe hepatic steatosis on abdominal ultrasound in NHANES 1988-1994, excluding heavy drinkers
(>2 drinks/day for men or >1 drink/day for women).

1 Aspartate aminotransferase (AST), alanine aminotransferase (ALT), or gamma glutamyltransferase (GGT) greater
than the 95th percentile in adults at low risk for liver injury in NHANES 1999-2010, excluding heavy drinkers and
those with viral hepatitis (positive serum markers of hepatitis B or C).

T Fatty Liver Index =60 in NHANES 1999-2010, excluding heavy drinkers and those with viral hepatitis. The Fatty
LiVer |ndeX = (e 0.953%loge (triglycerides) + 0.139*BMI + 0.718"loge (ggt) + 0.053*waist circumference - 15, 745) / (1 +e 0.953"loge (triglycerides) + 0.139*BMI + 0.718*loge
(ggt)+ 0.053"waist circumference - 15.745) * 100, where GGT is gamma glutamyltransferase and BMI is body mass index.

SOURCE: National Health and Nutrition Examination Survey (NHANES) Il and NHANES 1999-2010

TABLE 26.1. Age-Standardized Prevalence of Nonalcoholic Fatty Liver Disease Diagnosed
by Abdominal Ultrasound, by Diabetes Status, Age, Sex, and Race/Ethnicity, U.S.,
1988-1994

PERCENT (STANDARD ERROR)

CHARACTERISTICS Diabetes No Diabetes
Total population 23.9(0.93) 455 (2.92) 22.1(0.90)
Age (years)

20-44 15.0 (0.85) 35.7 (7.55) 14.7 (0.87)

45-64 26.8 (1.22) 50.1(3.99) 24.8 (1.23)

65-74 26.4 (1.56) 46.3 (4.63) 23.8(1.48)
Sex

Men 26.4(1.37) 45.4 (5.25) 24.7 (1.24)

Women 21.7(0.91) 45.4 (3.05) 19.8 (0.84)
Race/ethnicity

Non-Hispanic white 23.7 (1.09) 475 (3.95) 21.9(1.06)

Non-Hispanic black 20.0(1.29) 35.3(3.92) 179 (1.16)

Mexican American 36.3(2.13) 49.5(3.99) 35.2(2.23)

Diabetes is defined as self-reported health care provider diagnosis. Nonalcoholic fatty liver disease is defined as
moderate-severe hepatic steatosis on abdominal ultrasound, excluding heavy drinkers (>2 drinks/day for men or
>1 drink/day for women). Data are standardized to the National Health Interview Survey 1991 diabetic population
age 20-74 years using age categories 20—44, 45—64, and 65-74 years.

SOURCE: National Health and Nutrition Examination Survey Ill 1988-1994

Given the difficulty of diagnosing NAFLD
noninvasively with great accuracy, the
precision of all of the above estimates is
uncertain. What is apparent, however, is
that NAFLD is much more common in

patients with prediabetes and diabetes
and is therefore likely to be important for
these populations.



PATHOPHYSIOLOGY AND
PROGRESSION OF NAFLD

IN RELATION TO DIABETES

The pathogenesis of NAFLD remains
unclear, but it may result from

any number of insults to the liver
(21,22,23,24). A common underlying risk
factor is insulin resistance with resulting
accumulation of steatosis. Progression
to steatohepatitis is thought to be due to
additional processes, including inflam-
mation, oxidative stress, and apoptosis
leading to fibrosis. Thus, insulin resistance,
prediabetes, and diabetes are thought to
be closely linked to the development and
progression of NAFLD.

Although numerous cross-sectional
studies have shown a strong associa-
tion of diabetes and NAFLD, even after
adjustments for body weight and age,
prospective studies in humans providing
clues to the causal relationships are

less clear. Several studies have shown
that NAFLD, generally based on indirect
markers such as liver enzymes, predicts
incident diabetes (25,26,27,28,29,30).

In the Insulin Resistance Atherosclerosis
Study (IRAS), the highest quartile of ALT
compared to the lowest was associated
with an adjusted odds ratio (OR) of 2.0
(95% confidence interval [CI] 1.2-3.2)
for diabetes as assessed by frequently
sampled intravenous glucose tolerance
test (28). The findings for AST were
similar (adjusted OR 2.0. 95% CI 1.2-3.3).
A study in Pima Indians also found an
increased risk of diabetes for those

with ALT levels at the 90th percentile
compared to those at the 10th percentile
(adjusted hazard ratio [HR] 1.9, 95%

Cl 1.1-3.3) (25). An analysis from the
Nurses’ Health Study showed that both
ALT (OR 2.42, 95% Cl 1.45—4.04) and GGT
(OR 4.84, 95% Cl 2.56—-9.17) were asso-
ciated with an increased risk of diabetes
when comparing the 5th to the 1st quintile
of liver enzyme activity (31).

There is other evidence that insulin
resistance and diabetes increase the
subsequent risk of NAFLD (32,33). In one
2-year follow-up of a prospective cohort
study of workers in Japan, 14% of men
and 5% of women developed NAFLD,
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TABLE 26.2. Age-Standardized Prevalence of Nonalcoholic Fatty Liver Disease Diagnosed
by the Fatty Liver Index, by Diabetes Status, Age, Sex, and Race/Ethnicity, U.S., 1999-2010

PERCENT (STANDARD ERROR)

CHARACTERISTICS Total Diabetes No Diabetes
Total population 46.5(0.72) 70.8 (2.02) 43.7(0.73)
Age (years)

20-44 34.5(0.88) 72.9 (5.09) 33.5(0.87)

45-64 51.3(1.00) 76.7 (2.92) 48.5(1.02)

=65 45.2 (1.18) 63.0 (2.84) 41.7 (1.24)
Sex

Men 54.1(1.16) 71.5(2.89) 51.9(1.13)

Women 39.9(0.83) 70.3 (2.60) 36.4(0.81)
Race/ethnicity

Non-Hispanic white 46.3(0.83) 74.5(2.50) 43.6(0.84)

Non-Hispanic black 50.7 (1.44) 70.5(3.43) 46.6 (1.63)

All Hispanic 50.9 (1.69) 66.6 (3.71) 479 (1.80)

Mexican American 56.1 (1.62) 74.7 (2.97) 51.6 (1.98)

Diabetes is defined as self-reported health care provider diagnosis. Nonalcoholic fatty liver disease is defined as
Fatty Liver Index =60, excluding heavy drinkers (>2 drinks/day for men or >1 drink/day for women) and those with

viral hepatitis (positive serum markers of hepatitis B or C). The Fatty Liver Index = (g 0953"Ioge (trighycerides) + 0139°BMI + 0.718"loge
(ggt) + 0.053*waist circumference - 15,745) /(l+e 0.953"loge (triglycerides) + 0.139"BMI + 0.718"loge (ggt) + 0.053*waist circumference - 15.745) * 100, where GGT is

gamma glutamyltransferase and BMI is body mass index. Data are standardized to the National Health Interview
Survey 2010 diabetic population age =20 years using age categories 20—44, 45—64, and =65 years.

SOURCE: National Health and Nutrition Examination Surveys 1999-2010

TABLE 26.3. Age-Standardized Prevalence of Nonalcoholic Fatty Liver Disease Diagnosed
by Elevated Liver Enzymes, by Diabetes Status, Age, Sex, and Race/Ethnicity, U.S.,
1999-2010

PERCENT (STANDARD ERROR)

CHARACTERISTICS Total Diabetes No Diabetes

Total population 19.1(0.37) 25.7 (1.17) 18.4 (0.40)
Age (years)
20-44 17.1(0.48) 32.2(3.32) 16.8 (0.49)
45-64 21.5(0.63) 28.2 (1.95) 20.7 (0.62)
=65 16.9 (0.58) 20.5(1.45) 16.1 (0.68)
Sex
Men 16.2 (0.50) 17.8 (1.38) 16.1 (0.51)
Women 21.4(0.52) 33.1(1.69) 20.1(0.53)
Race/ethnicity
Non-Hispanic white 18.4(0.43) 26.7 (1.79) 17.7 (0.45)
Non-Hispanic black 18.8(0.70) 21.1(1.51) 18.4(0.74)
All Hispanic 24.2 (0.74) 26.9(1.88) 23.9(0.85)
Mexican American 24.1 (0.80) 25.7 (2.31) 24.1(0.85)

Diabetes is defined as self-reported health care provider diagnosis. Nonalcoholic fatty liver disease is defined as
aspartate aminotransferase (AST), alanine aminotransferase (ALT), or gamma glutamyltransferase (GGT) greater
than the 95th percentile in adults at low risk for liver injury, excluding heavy drinkers (>2 drinks/day for men or
>1 drink/day for women) and those with viral hepatitis (positive serum markers of hepatitis B or C). Data are stan-
dardized to the National Health Interview Survey 2010 diabetic population age =20 years using age categories
20-44, 45-64, and =65 years.

SOURCE: National Health and Nutrition Examination Surveys 1999-2010

by modified third report of the National
Cholesterol Education Program Expert
Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in
Adults (Adult Treatment Panel Ill) criteria
as three or more of the following five
abnormalities: elevated serum triglyceride
level, decreased high-density lipoprotein
[HDL] cholesterol level, elevated blood

with a diagnosis based on ultrasonog-
raphy (33). Both men and women with the
metabolic syndrome had a higher odds

of developing NAFLD during follow-up
compared to those without the metabolic
syndrome (adjusted OR 4.0, 95% ClI
2.63-6.08 for men and OR 11.20, 95%

Cl 4.85-25.87 for women). (In that study,
the metabolic syndrome was defined
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pressure, elevated fasting glucose level,
or BMI =25 kg/m? used as an index of
obesity in Asians in place of abdominal
obesity (34).) Furthermore, those with
NAFLD and the metabolic syndrome at
baseline were less likely to have remis-
sion of NAFLD than those without the
metabolic syndrome (adjusted OR 0.47,
95% Cl 0.26—0.85 for men and OR 0.47,
95% Cl 0.26—0.84 for women). In another
cohort study of workers in Japan, followed
for a median of 5 years, NAFLD defined
by elevated liver enzymes developed in
14.7% of adults age 20—39 years and 8.1%
of those age 40-59 years (32). While
there were no associations in the younger
age group (perhaps due to smaller sample
size), diabetes or glucose intolerance

was the only predictor of incident NAFLD,
increasing the risk over fourfold (HR 4.2,
95% Cl 1.1-15.7) in the older age group.

Determining the directionality of the
association of diabetes and NAFLD has
proven difficult for several reasons. First,
the preclinical stages of both diseases
make it difficult to determine the exact
time each condition occurred. This is
further complicated by the fact that, in
clinical practice, individuals are not
routinely screened for both at the same
time. In research, most studies have

not employed the gold standard tests

for both conditions (e.g., fasting glucose,
Alc, and/or oral glucose tolerance
testing [OGTT], along with liver biopsy

or comprehensive serologic or imaging
tests that also rule out other causes), and
even fewer have done this prospectively in
defined cohorts.

PROGRESSION OF NAFLD

In cross-sectional studies, persons with
diabetes have a significantly higher prev-
alence of NASH and advanced fibrosis/
cirrhosis (35,36). In the few prospective
studies that examined the progression of
liver disease, the presence of NASH was

the strongest predictor of progression (14).

However, no study has clearly isolated
the impact of diabetes on progression
independently of other factors, including
baseline histology. As mentioned, NAFLD
is also known to precede HCC. While
prospective data are also limited for this
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TABLE 26.4. Age-Standardized Prevalence of Presumed Nonalcoholic Fatty Liver Disease
Among Persons With Diabetes, by Use of Different Diabetes Medications, U.S., 1988—-1994

and 1999-2010

DIABETES
MEDICATIONS

Biguanides
Yes
No

Hepatic Steatosis*

Thiazolidinediones
Yes
No

Sulfonylureas
Yes 57.3§ (3.76)
No 36.8 (4.38)

Insulin
Yes 35.8§ (4.03)
No 49.1 (3.68)

PERCENT (STANDARD ERROR)
Fatty Liver Indext

Elevated Liver Enzymes}

76.4§ (2.84) 25.1(1.63)
64.8(2.88) 26.1 (1.61)
78.5§ (3.75) 20.6§ (2.76)
69.5 (2.29) 27.1(1.30)
75.2§ (2.83) 275 (1.58)
67.9 (2.34) 24.9 (1.46)
73.4 (4.14) 275 (2.55)
70.5 (2.22) 25.4 (1.34)

Diabetes is defined as self-reported health care provider diagnosis. Data from 1988-1994 are standardized to the
National Health Interview Survey 1991 diabetic population age 20—74 years using age categories 20—44, 45-64,
and 65-74 years. Data from 19992010 are standardized to the National Health Interview Survey 2010 diabetic
population age =20 years using age categories 20—-44, 45—64, and =65 years.

* Moderate-severe hepatic steatosis on abdominal ultrasound in NHANES 1988-1994, excluding heavy drinkers

(>2 drinks/day for men or >1 drink/day for women).

T Fatty Liver Index =60 in NHANES 1999-2010, excluding heavy drinkers and those with viral hepatitis (positive

serum markers of hepatitis B or C). The Fatty Liver Index = (g 0953"oge (igiycerides) + 0.139'BM1 + 0.718"loge (ggl) +0.053 wast
circumference - 15.745) / (] 4 g 0.953loge (ighycerides) +0.139"BMI +0.718"loge (ggt) + 0.053waistcircumference - 15745) * 100, where GGT is gamma

glutamyltransferase and BMI is body mass index.

1 Aspartate aminotransferase (AST), alanine aminotransferase (ALT), or gamma glutamyltransferase (GGT) greater
than the 95th percentile in adults at low risk for liver injury in NHANES 1999-2010, excluding heavy drinkers

and those with viral hepatitis.

§ p<0.05 compared with persons with diabetes not taking the medication
SOURCE: National Health and Nutrition Examination Surveys (NHANES) 1988-1994 and 1999-2010

outcome, a number of studies have found
that individuals with diabetes are at higher
risk for developing HCC with relative risks
of twofold to threefold for HCC compared
to those without diabetes (37).

NAFLD, TYPE 2 DIABETES,

AND MORTALITY

NAFLD leads to end-stage liver disease
(cirrhosis) and HCC, two conditions

that are strongly associated with liver-
related mortality. Indeed, some studies
have shown an increase in liver-related
mortality in patients with NAFLD (38).
Several prior population-based studies
reported increased liver-related mortality
in those with diabetes. As shown in Table
26.5, NAFLD is associated with increased
liver-related mortality in most, but not

all studies, with hazard ratios ranging
from 0.64 to 13.0 compared to those
without NAFLD (39,40,41,42). The Verona
Diabetes Study found a standardized
mortality ratio (SMR) for liver disease
and cirrhosis of 2.5 (95% Cl 2.0-3.2)

in those with diabetes compared

to the general population (43). This

increased risk was slightly higher in men
(SMR 2.82, 95% CI 2.08—3.76) than
women (SMR 2.04, 95% Cl 1.26-3.12).
A study done in individuals with diabetes
in Wisconsin had similar findings (SMR 2.3,
95% Cl 0.9-4.7), but the results were
not statistically significant, perhaps due
to a small number of liver-related deaths
(44). Neither of these studies determined
the underlying liver disease that caused
cirrhosis or liver-related mortality.

In addition to liver-related mortality,
NAFLD may be associated with

an increased risk of all-cause or
cardiovascular mortality; however, data
supporting this hypothesis are weak.

In particular, population-based studies

in the United States have shown mixed
results (Table 26.5). As with prevalence
studies, the diagnostic criteria for NAFLD
in these studies have differed substantially.
In general, studies using liver enzymes
have shown a small, statistically significant
risk of all-cause mortality. The highest risk
has been shown in those with elevations in
GGT. Using ultrasound to identify NAFLD
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in the NHANES IlI, there was no increased
risk of all-cause mortality overall and
no difference in risk in those with

0.24)

(Table 26.5) (41). A population-based

95% Cl 1.11-2.11)

independent of NAFLD; however, no test
Finally, another analysis of the NHANES
[l found that an elevation in GGT was

significant increase in all-cause mortality,
for interaction was reported.

NAFLD and diabetes compared to those

with NAFLD compared to the general
(45). Those with diabetes also had a

study in Minnesota found an increase
population (SMR 1.55,

in all-cause mortality among those

with NAFLD and no diabetes (p
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associated with increased risk of diabetes-
related mortality (HR 3.3, 95% CI 1.4-7.6)
even after adjustment for multiple factors,
but elevated ALT was not associated with
diabetes mortality (40). Because most
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related mortality, this finding remains to

studies have not reported on diabetes-
be replicated.

NAFLD is associated with increased
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liver-related mortality, as well as all-cause
mortality, but limited data suggest that

this does not differ in people with diabetes
compared to those without. NAFLD may
be associated with increased cardiovas-

cular mortality, especially in older adults
and in those with diabetes, but these find-

ings require verification. Future studies are
needed to assess the prognostic implica-
people with diabetes on all-cause, cardio-

tions of different stages of liver disease in
vascular, and cancer mortality.
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VIRAL HEPATITIS

HEPATITIS C AND DIABETES

In the United States, chronic HCV is the
leading indication for liver transplantation
and the leading cause of death from liver
disease (46,47,48). The presence of IgG
antibody to the virus (anti-HCV) in the
blood indicates either past or current
infection. A positive blood test for HCV
RNA indicates ongoing infection. An asso-
ciation between HCV and type 2 diabetes
has been noted beginning shortly after the
discovery of HCV in 1989. Subsequently,
a meta-analysis found diabetes to be
more frequent among persons with HCV
with an adjusted odds ratio of 1.68 based
on seven cross-sectional studies and

a hazard ratio of 1.67 based on three
cohort studies (49). However, many of
these studies were clinical series, in which
ascertainment bias is likely because
patients under medical care for one
chronic condition (such as diabetes) are
more likely to undergo testing for other
chronic diseases (such as HCV), especially
if they have features in common, such

as elevated liver enzyme activity (50).
Published population-based studies and
other cohort studies that avoided ascer-
tainment bias demonstrated a moderate
association of the two conditions, but

the results have not been consistent

(see below). In addition, patients with HCV
are likely to have advanced liver disease,
which may increase the risk of diabetes
independently of cause. This concern

may be somewhat mitigated in studies
that include liver biopsies or that compare
diabetes in HCV versus other causes of
chronic liver disease.

The association between diabetes and
HCV has been specifically examined in
four population-based studies without
consistent results (51,52,53,54). In the
NHANES llI, a nonstatistically significant
association was found between the pres-
ence of anti-HCV antibody and diabetes
that was either self-reported or detected
by glucose tolerance testing (51). A
stronger association was found when
analysis was restricted to participants
age =40 years (adjusted OR 3.77, 95%
Cl 1.80-7.87), but it was not clear why
the association was found in only one
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age group. In the Atherosclerosis Risk in
Communities Study (ARIC), persons free
of diabetes (determined by self-report or
fasting plasma glucose) had three subse-
quent visits over approximately 10 years
(52). In a modified nested case-control
study, samples from baseline visits were

subsequently tested for anti-HCV antibody.

Overall, a nonstatistically significant asso-
ciation of HCV and subsequent diabetes
was found with a relative hazard of 1.9
(95% CI 0.6—6.2). However, an increased
relative hazard was found for participants
at high risk of diabetes (based on age
and BMI) of 11.6 (95% Cl 1.4-96.6). This
finding was based on only eight anti-HCV
positive cases. For the low-risk group, the
relative hazard was 0.48 (95% Cl 0.05—
4.4), based on seven anti-HCV positive
participants. Among obese participants
only, insulin levels were higher at baseline
in the anti-HCV positive group. The stron-
gest population-based evidence for an
increased risk of diabetes with HCV has
come from a Taiwanese community-based
cohort (53). Nearly 5,000 persons age
=40 years without diabetes (diabetes was
defined as fasting plasma glucose =126
mg/dL or casual glucose =200 mg/dL

[211.10 mmol/L]) were followed for 7
years. At baseline, 812 participants were
anti-HCV positive, 544 positive for HBsAg,
and 116 positive for both. Cumulative
incidence of diabetes was 8.6% for sero-
negative individuals, 14.3% for anti-HCV
positive alone, and 7.5% for HBsAg posi-
tive alone. The adjusted hazard ratio for
diabetes if anti-HCV positive was 1.7 (95%
Cl 1.3-2.8). The association was strongest
in persons of younger age or higher BMI.
In contrast, a cohort study from Italy
found no association between baseline
anti-HCV positivity and subsequent devel-
opment of diabetes in multivariate analysis
(OR 0.65, 95% CI 0.41-1.04) (54).

In analysis for Diabetes in America, of the
cross-sectional, population-based NHANES
1999-2010, among nearly 29,000 tested
participants, 566 were anti-HCV positive
and 393 were HCV RNA positive. The
diagnosis of diabetes was based on
self-report, Alc =6.5%, or fasting glucose
=126 mg/dL. Prediabetes was defined

as Alc 5.7%—6.4% or fasting glucose
100-125 mg/dL. The definition of normal
glucose levels required both an Alc <5.7%
and a fasting plasma glucose <100 mg/dL.

TABLE 26.6. Age-Standardized Prevalence and Odds Ratios of Positive Serum Antibody to
Hepatitis C Virus (HCV Ab+), by Diabetes Status, Age, Sex, and Race/Ethnicity, U.S., 19992010

NORMAL
DIABETES PREDIABETES GLUCOSE
Percent OR* Percent OR* Percent
CHARACTERISTICS (95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl)
Total 16(1.2-2.2) 0.8(0.5-1.5) 1.8(1.3-24) 1.0(0.7-1.5 1.8(1.3-2.6)
Age (years)
20-44 28(1.1-71) 1.8(0.6-5.1) 13(0.7-2.2) 09(0.5-17) 1.1(0.7-1.6)
45-64 20(1.4-29) 08(0.5-14) 31(2.2-43) 1.1(0.7-1.90 29(2.1-4.1])
=65 0.7(0.4-1.1) 1.0(0.2-4.0) 04(0.2-0.8) 0.5(0.1-2.5) 0.8(0.2-3.3)
Sex
Men 16(1.0-24) 0.7(0.3-1.4) 25(1.8-36) 1.1(0.7-19) 2.3(1.5-3.4)
Women 16(1.0-26) 13(0.6-29) 08(0.5-14) 0.8(0.5-14) 15(0.8-2.6)
Race/ethnicity
Non-Hispanic white  1.3(0.7-2.5) 1.0(0.5-2.3) 15(1.0-2.3) 1.3(0.7-2.2) 1.4(0.9-2.0)
Non-Hispanic black 4.1 (3.0-5.6) 0.9(0.5-1.6) 3.8(25-6.0) 1.0(0.6-1.8) 3.7(2.4-5.6)
Mexican American 1.7(09-29) 05(0.2-1.1) 1.8(1.1-3.1) 0.7(0.3-1.4) 2.1(1.2-3.9)
Other 0.7(0.3-19) 0.2(0.0-1.3) 2.0(0.9-44) 09(0.2-4.2) 6.4(1.7-20.8)

Diabetes is defined as self-reported health care provider diagnosis or glycosylated hemoglobin (Alc) =26.5% or fasting
plasma glucose =126 mg/dL. Prediabetes is defined as Alc 5.7%—6.4% or fasting plasma glucose 100-125 mg/

dL; normal glucose is defined as Alc <5.7% and fasting plasma glucose <100 mg/dL. Data are standardized to the
National Health Interview Survey 2010 diabetic population age =20 years using age categories 20—44, 45-64, and
=65 years. Conversions for Alc and glucose values are provided in Diabetes in America Appendix 1 Conversions. Cl,
confidence interval; OR, odds ratio.

* Normal glucose is the reference group. Odds ratios for the total population are adjusted for age, sex, and race/ethnicity.

SOURCE: National Health and Nutrition Examination Surveys 1999-2010



The prevalence of anti-HCV was similar
across glucose categories, both overall
and by demographic subgroups (Table
26.6). The age-sex-race/ethnicity adjusted
odds ratios for anti-HCV positive were not
increased for either diabetes (OR 0.8) or
prediabetes (OR 1.0) relative to normal
glucose levels. Similarly, the prevalence
of HCV RNA positivity was not different
across glucose categories, and the
adjusted odds ratios were not higher for
diabetes and prediabetes (Table 26.7). The
overall results for anti-HCV and HCV RNA
are summarized in Figure 26.2. Diabetes
and prediabetes remained unassociated
with HCV infection in multivariate analyses
that adjusted for additional factors (55).

A finding of increased insulin resistance
among persons with HCV would strengthen
the evidence for an association of diabetes.
Surrogate estimates for increased insulin
resistance, such as high homeostasis
model assessment of insulin resistance
(HOMA-IR), have been found more
commonly among persons with HCV

than those without (56,57,58). Stronger
evidence of a relationship of HCV to insulin
resistance comes from HCV treatment
studies in which glucose and insulin were
measured before and after treatment.
Improvement in insulin resistance among
treated patients who clear virus (i.e.,
achieve a sustained virologic response)
relative to patients who do not clear the
virus would provide support for the hypoth-
esis that chronic HCV infection has a direct
effect on glucose dysregulation. Most
studies of HCV and insulin resistance used
HOMA-IR to estimate insulin resistance
(59). In general, a decline was seen in esti-
mated insulin resistance among those who
achieved a sustained virologic response
that did not occur among patients who
were nonresponders to treatment or

who had virologic relapse following treat-
ment (60,61,62,63). However, concerns
have been raised about the accuracy of
HOMA-IR and other surrogate measures of
insulin resistance in chronic HCV (64). One
small study utilized a more direct measure
of insulin resistance—insulin suppression
tests (65). The authors found a nonsta-
tistically significant greater improvement
in insulin resistance among 14 patients
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TABLE 26.7. Age-Standardized Prevalence and Odds Ratios of Presence of Serum Hepatitis
C Virus RNA, by Diabetes Status, Age, Sex, and Race/Ethnicity, U.S., 1999-2010

NORMAL
DIABETES PREDIABETES GLUCOSE
Percent OR* Percent OR* Percent
CHARACTERISTICS (95% Cl) (95% ClI) (95% Cl) (95% CI) (95% ClI)
Total 1.2(0.8-1.7) 09(0.4-1.8) 12(09-17) 11(0.7-1.7) 1.2(0.8-2.0)
Age (years)
20-44 2.3(09-6.1) 3.0(1.0-9.3) 0.8(0.4-16) 13(0.6-2.6) 0.5(0.3-0.7)
45-64 15(1.0-2.3) 09(0.5-1.6) 2.2(1.6-3.2) 12(0.7-2.1) 2.0(1.3-2.9)
=65 0.5(0.2-0.9) 0.8(0.2-4.3) 0.3(0.1-0.7) 0.4(0.1-3.1) 0.6(0.1-3.6)
Sex
Men 14(09-2.2) 09(04-1.8) 1.8(1.2-25 11(06-2.0) 17(1.0-27)
Women 1.0(0.6-1.8) 15(0.5-4.1) 06(0.4-1.1) 1.2(0.6-2.3) 0.9(0.4-2.2)
Race/ethnicity
Non-Hispanic white  1.1(0.5-2.1) 1.6(0.7-3.7) 1.0(0.6-1.6) 1.7(0.9-3.3) 0.8(0.5-1.3)
Non-Hispanic black 3.1 (2.1-4.5) 1.0(0.5-2.0) 3.4(2.1-5.5) 1.3(0.7-24) 26(1.5-4.4)
Mexican American 09(04-20) 05(0.2-1.3) 0.8(0.3-1.9) 0.3(0.1-0.9) 1.5(0.7-3.0)
Other 0.4(0.1-1.0) 0.1(0.0-0.8) 1.4(0.5-34) 06(0.1-3.5) 6.0(1.5-21.0)

Diabetes is defined as self-reported health care provider diagnosis or glycosylated hemoglobin (Alc) =6.5% or fasting
plasma glucose =126 mg/dL. Prediabetes is defined as Alc 5.7%—6.4% or fasting plasma glucose 100-125 mg/dL;
normal glucose is defined as Alc <5.7% and fasting plasma glucose <100 mg/dL. Data are standardized to the
National Health Interview Survey 2010 diabetic population age =20 years using age categories 20—44, 45-64, and
=65 years. Conversions for Alc and glucose values are provided in Diabetes in America Appendix 1 Conversions. Cl,
confidence interval; OR, odds ratio; RNA, ribonucleic acid.
* Normal glucose is the reference group. Odds ratios for the total population are adjusted for age, sex, and race/
ethnicity.

SOURCE: National Health and Nutrition Examination Surveys 1999-2010

FIGURE 26.2. Age-Standardized Prevalence of Hepatitis B and Hepatitis C, by Diabetes
Status, U.S., 1999-2010
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Diabetes is defined as self-reported health care provider diagnosis or glycosylated hemoglobin (Alc) =26.5% or fasting
plasma glucose =126 mg/dL. Prediabetes is defined as Alc 5.7%—6.4% or fasting plasma glucose 100-125 mg/dL;
normal glucose is defined as Alc <5.7% and fasting plasma glucose <100 mg/dL. Data are standardized to the
National Health Interview Survey 2010 diabetic population age =20 years using age categories 20—44, 45—64, and
=65 years. Error bars represent 95% confidence intervals. Conversions for Alc and glucose values are provided in
Diabetes in America Appendix 1 Conversions. RNA, ribonucleic acid.

SOURCE: National Health and Nutrition Examination Surveys 1999-2010

with sustained virologic response than
among nine nonresponders (65). At least
two studies with longer-term follow-up
indicated a lower risk of new-onset
diabetes among participants who achieved
a sustained virologic response (66,67).

It should be noted that an improvement

in insulin resistance among patients with
sustained virologic response might not be

a direct effect of virus elimination. It could
also be due to improvement in liver func-
tion following virus eradication (68).

In conclusion, it is possible that HCV has a
permissive rather than direct effect on the
development of diabetes. Thus, HCV may
act in concert with other determinants to
increase the risk of diabetes.
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HEPATITIS B AND DIABETES

There are several tests for HBV infection.
For epidemiologic studies, the most
commonly used and useful tests are
serum HBcAb, which indicates exposure
to HBV, and HBsAg, which indicates
current infection.

The distribution of chronic HBV infection is
highly regional, being endemic throughout
much of eastern Asia and parts of Africa
and much less prevalent in North America
and Western Europe. In the United States,
HBV is a major concern among immi-
grants from endemic regions. Worldwide,
chronic HBV infection may pose a more
significant health burden than HCV. The
risk of HCC is much higher in HBV than
HCV, and HCC remains a leading cause of
cancer mortality in much of the world.

Compared to HCV, there is less evidence
that HBV increases the risk of diabetes.

In fact, several studies have used

patients with HBV as the reference

group when examining the prevalence

of diabetes in HCV (69,70,71,72). In the
study from Taiwan in which HCV was
shown to increase the rate of new-onset
diabetes, the incidence of diabetes among
participants with chronic HBV (positive for
HBsAg) was not greater than among those
who were HBV-seronegative (53).

New analyses of NHANES 1999-2010
data on HBV serology and diabetes

were conducted for Diabetes in America.
Among over 30,000 tested participants,
1,998 were HBcAb positive and 115 were
HBsAg positive. As with the HCV analysis,
the diagnosis of diabetes was based

on self-report, Alc =6.5%, or fasting
glucose =126 mg/dL. The unadjusted
prevalence of HBcAb was higher among
those participants with diabetes (8.0%)
compared with participants with normal
glucose levels (5.6%) (Table 26.8). This
difference was more pronounced among
women (8.0% with diabetes vs. 4.2%

with normal glucose levels). Among the
different racial/ethnic groups, prevalence
was especially high for non-Hispanic
blacks and highest for “other” ethnicities,
mostly of Asian origin. With adjustment
for age, sex, and race/ethnicity, the odds
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TABLE 26.8. Age-Standardized Prevalence and Odds Ratios of Positive Serum Antibody to
Hepatitis B Core Antigen (HBcAb+), by Diabetes Status, Age, Sex, and Race/Ethnicity, U.S.,
1999-2010

NORMAL
DIABETES PREDIABETES GLUCOSE
Percent OR* Percent OR* Percent
CHARACTERISTICS (95% Cl) (95% Cl) (95% Cl) (95% Cl) (95% Cl)
Total 8.0(6.8-9.5) 1.0(0.8-1.3) 6.5(5.5-76) 1.1(0.8-1.4) 5.6(4.7-6.6)
Age (years)
20-44 4427-72) 11(0.6-2.0) 4.7(3.4-6.5 13(09-19) 3.4(27-4.2)
45-64 9.1(7.3-11.4) 14(1.0-21) 76(6.1-95) 12(0.8-1.7) 6.5(5.0-8.3)
=65 8.0(6.7-9.6) 16(1.2-2.2) 58(46-73) 11(0.8-1.6) 5.3(4.0-7.1)
Sex
Men 8.0(6.4-10.0) 1.1(0.8-1.6) 8.2(6.8-9.7) 1.2(09-17) 7.8(6.3-9.6)
Women 8.0(6.4-9.8) 18(1.3-25) 47(3.7-59) 11(0.8-1.5) 4.2(3.2-5.5)
Race/ethnicity
Non-Hispanic white 4.2 (3.0-5.8) 1.4(0.9-2.2) 4.1(3.2-5.1) 1.3(0.9-20) 29(2.2-3.)

Non-Hispanic black  16.4 (14.0-19.2) 0.8 (0.6-1.1) 18.1(15.0-21.8) 0.9 (0.7-1.3) 19.2(15.3-23.9)
Mexican American 3.8 (2.6-5.6) 1.0(0.5-1.9) 6.1(4.6-8.2) 1.6(0.9-2.9) 5.5(3.5-8.4)
Other 23.0(176-29.5) 1.0(0.6-1.8) 16.9(12.3-22.7) 1.0(0.5-1.8) 24.7 (17.8-33.2)

Diabetes is defined as self-reported health care provider diagnosis or glycosylated hemoglobin (Alc) =6.5% or fasting
plasma glucose =126 mg/dL. Prediabetes is defined as Alc 5.7%—6.4% or fasting plasma glucose 100-125 mg/dL;
normal glucose is defined as Alc <5.7% and fasting plasma glucose <100 mg/dL. Data are standardized to the
National Health Interview Survey 2010 diabetic population age =20 years using age categories 20—44, 45-64, and
=65 years. Conversions for Alc and glucose values are provided in Diabetes in America Appendix 1 Conversions. Cl,
confidence interval; OR, odds ratio.
* Normal glucose is the reference group. Odds ratios for the total population are adjusted for age, sex, and race/
ethnicity.

SOURCE: National Health and Nutrition Examination Surveys 1999-2010

TABLE 26.9. Age-Standardized Prevalence and Odds Ratios of Positive Serum Hepatitis B
Virus Surface Antigen (HBsAg+), by Diabetes Status, Age, Sex, and Race/Ethnicity, U.S.,
1999-2010

NORMAL
DIABETES PREDIABETES GLUCOSE
Percent OR* Percent OR* Percent
CHARACTERISTICS (95% Cl) (95% ClI) (95% Cl) (95% CI) (95% Cl)
Total 0.6(0.3-1.0) 1.2(0.6-2.6) 0.4(0.2-0.7) 1.1(0.5-2.2) 0.3(0.2-0.5)
Age (years)
20-44 0.5(0.1-3.5) 1.3(0.2-10.6) 0.5(0.2-1.2) 1.3(0.5-3.2) 0.4(0.2-0.6)
45-64 0.8(04-16) 16(0.5-4.5) 0.5(0.3-1.1) 11(04-3.2) 05(0.2-1.1)
=65 0.3(0.1-0.8) 6.6(1.0-42.6) 0.1(0.0-0.6) 2.5(0.3-22.8) 0.1(0.0-0.3)
Sex
Men 0.6(0.3-14) 2.3(0.8-7.0) 05(0.3-1.1) 2.0(0.9-4.6) 0.3(0.1-0.5)
Women 05(0.2-0.9) 1.2(0.5-29) 0.2(0.1-0.5) 0.5(0.1-1.99 0.3(0.1-0.8)
Race/ethnicity
Non-Hispanic white 0.3 (0.1-1.0) 5.3(1.0-27.8) 0.3(0.1-0.7) 5.5(1.1-26.6) 0.1(0.0-0.2)
Non-Hispanic black  09(0.4-1.7) 04(0.2-1.1) 0.4(0.1-0.9) 04(0.1-1.1) 1.9(1.1-3.3)
Mexican American 0.2(0.0-1.2) 3.8(0.1-121.0) 0.3(0.1-1.4) 3.8(0.3-51.5) 0.2(0.0-1.3)
Other 15(0.6-39) 14(0.3-5.7) 0.8(0.3-2.1) 0.9(0.3-2.8) 1.0(0.2-4.4)

Diabetes is defined as self-reported health care provider diagnosis or glycosylated hemoglobin (Alc) =26.5% or fasting
plasma glucose =126 mg/dL. Prediabetes is defined as Alc 5.7%—6.4% or fasting plasma glucose 100-125 mg/dL;
normal glucose is defined as Alc <5.7% and fasting plasma glucose <100 mg/dL. Data are standardized to the
National Health Interview Survey 2010 diabetic population age =20 years using age categories 20—44, 45—64, and
>65 years. Conversions for Alc and glucose values are provided in Diabetes in America Appendix 1 Conversions. Cl,
confidence interval; OR, odds ratio.
* Normal glucose is the reference group. Odds ratios for the total population are adjusted for age, sex, and race/
ethnicity.

SOURCE: National Health and Nutrition Examination Surveys 1999-2010



ratios for HBcAb were not elevated for
diabetes (OR 1.0, 95% CI 0.81-1.3) and
prediabetes (OR 1.1, 95% Cl 0.82-1.4)
relative to participants with normal

DIABETES AND CIRRHOSIS

glucose levels. The prevalences and odds
ratios for the much smaller number of

participants positive for HBsAg were not
elevated for participants with diabetes or

Liver and Gallbladder Disease in Diabetes

prediabetes relative to those with normal
glucose levels (Table 26.9). Overall results
for HBcAb and HBsAg are summarized in
Figure 26.2.

An association of diabetes and liver
cirrhosis was established more than 50
years ago (73). In more recent studies

of patients with cirrhosis undergoing
OGTT, diabetes has been detected in a
high percentage of patients with cirrhosis,
ranging from 35% to as high as 71%
(Table 26.10) (72,74,75,76,77,78). Among
patients with chronic viral hepatitis, those
with cirrhosis have a higher prevalence
of diabetes than those without cirrhosis
(72). Furthermore, the prevalence of
diabetes increases with declining liver
function among patients with cirrhosis.
Investigators have differentiated diabetes
mellitus (presumably type 2) from hepa-
togenous diabetes due to chronic liver
disease, but the differentiation has been
based largely on whether diabetes was
recognized before (type 2) or after (hepa-
togenous) the diagnosis of cirrhosis and
not on a pathophysiologic basis (76,79).
A striking feature of diabetes associated
with cirrhosis is the high proportion of
patients with normal fasting glucose.

The incidence of new-onset diabetes is also
high among persons with cirrhosis. In an
[talian study of 100 patients with compen-
sated cirrhosis (Child-Turcotte class A) who
had normal OGTT, 21% developed diabetes
during 4 years of follow-up even without

TABLE 26.10. Prevalence of Diabetes Among Patients With Cirrhosis Who Had Oral

Glucose Tolerance Testing

LOCATION,
YEARS (REF.)

Detmold, Germany,
1997 (74)

Hannover, Germany,
1989-1990 (77)

Hannover, Germany,
NR (78)

Palermo, Italy,
NR (72)

Porto Alegre, Brazil,
NR (75)

Monterrey, Mexico,
2007-2010 (76)

LIVER DISEASE/
PRETESTING
DIABETES STATUS

23 with compensated
cirrhosis;

29 with decompensated
cirrhosis

108 without diabetic
fasting glucose

100 with normal fasting
glucose

127 HCV
38 HBV

62 patients listed for
transplant, 19% with
compensated liver
disease; diabetes
previously undiagnosed

130 with compensated
cirrhosis

DIAGNOSIS DIABETES

OF DIABETES PREVALENCE = COMMENTS

Previous 71% Most diagnosed

diagnosis or on postload

100 g 3-hour testing

OGTT

OGTT (1 g/kg 37% Child-Pugh stage

body weight) of cirrhosis
had little effect
on diabetes
prevalence.

75g OGTT 35% 12 patients had

(WHO) diabetes by OGTT
post-OLT; all had
IGT or diabetes
pre-OLT.

OGTT (1 g/kg 23.6% HCV

body weight) 9.4% HBV

75 g OGTT 65% 78% were

(WHO) diagnosed on
2-hour sample.

75g OGTT 40.7%

(WHO)

HBYV, hepatitis B virus; HCV, hepatitis C virus; IGT, impaired glucose tolerance; NR, not reported; OGTT, oral glucose
tolerance test; OLT, orthotopic liver transplantation; WHO, World Health Organization.

SOURCE: References are listed within the table.

overt worsening of liver function (80). The
risk was higher among patients who had
deteriorating liver function (35%). The pres-
ence of portal hypertension appeared to

DIABETES AND LIVER TRANSPLANTATION

increase the risk of diabetes. Additionally,
patients with cirrhosis and diabetes appear
to have a worse prognosis than those with
cirrhosis without diabetes (75,81).

The large majority of adult liver transplan-
tation is performed for decompensated
cirrhosis and for HCC. Most patients with
HCC also have cirrhosis, but not neces-
sarily advanced enough to trigger the
need for transplantation on its own.

Data on all patients listed for liver
transplantation in the United States from
the SRTR SAF have been newly analyzed
for Diabetes in America. There has been
a steady increase in the recognition of
diabetes at the time of listing since it was

first recorded as a comorbidity in listed
patients (Figure 26.3). From 1994, when
13.7% (n=507) of listed patients carried
a diagnosis of diabetes, the proportion
doubled to 27.9% in 2013 (n=2,321).
Although this doubling in prevalence

is striking, it is difficult to interpret. As
stated, a high proportion of patients
with cirrhosis are found to have diabetes
when specifically tested for it. Thus, the
observed increase might be due to a
combination of an actual increase in
diabetes and an increase in its diagnosis.

Characteristics of patients with and
without diagnosis of diabetes at the time
of listing and at transplantation are shown
in Table 26.11. Patients with diabetes were
more likely to be older, male, Hispanic,
less educated, have poorer functional
status, on dialysis, hypertensive, and have
higher BMI than those without diabetes.
Interestingly, Model for End-Stage Liver
Disease (MELD) scores (a scale used for
prioritizing liver transplant candidates in
which a higher score indicates a more
urgent need within the next 3 months)
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FIGURE 26.3. Prevalence of Diabetes Among Adult Liver Transplant Candidates, by Listing were lower among patients with diabetes
and Transplant Year, U.S., 1994-2013 (mean 16.3) than among patients without
known diabetes (mean 17.4). At the time

301 =& Listing year Transplant year of transplant, a higher MELD score among
251 those without diabetes was still present.
s Diabetic patients received livers from
g 20r donors who were slightly older and less
%;? 151 likely to be of white race compared with
£ donors of nondiabetic patients. Table
10 26.11 shows the percentages of patients
T with a given liver disease by diabetes
1994 1997 2000 2003 2006 2009 2012 status. For example, an HCV diagnosis
Year was present among 37.2% of 33,078
SOURCE: Standard Analysis File of the Scientific Registry of Transplant Recipients 1994-2013 listed patients with diabetes and 41.2% of

116,102 listed patients without diabetes.
Because patients may have more than
one liver disease, the percentages are
DIABETES  NO DIABETES not mutually exclusive and add to greater

TABLE 26.11. Characteristics of Adult Patients at Listing for Liver Transplantation and at
Transplantation, by Diabetes Status, U.S., 19942013

AT LISTING N QS (Lalloiie) S than 100%. Regarding the association of
Age (years; mean (SD)) 149,180  56.3(8.4) 51.6 (10.6) <0.001 diabetes with liver disease diagnosis, it
Male (%) 94,597 64.6 63.1 <0.001 . . i
may be more informative to consider the
Ethnicity (%) <0.001 tion listed with diabet di
White 108,559 678 7.9 proportion listed with diabetes according
Black 12,208 8.5 8.1 to liver disease diagnosis:
Hispanic 20,469 17.7 12.6 - 0 f
e 6350 T e 58.00/0 for fatty liver . .
Other (non-missing) 1,592 13 1.0 = 35.7% for other causes of cirrhosis
Highest education level (=associate degree; %) 25,595 21.2 222 <0.001 = 27.3% for HCC
Functional status (needs assistance; %) 59,666 49.2 443 <0.001 = 20.4% for HCV
Liver disease diagnoses (%)t = 19.5% for HBV
Hepatitis C 60,184 37.2 41.2 <0.001 = 19.0% for alcoholic liver disease
Alcoholic liver disease 41,601 23.8 29.0 <0.001 = 13.6%f toi I di
Autoimmune or cholestatic 19,047 78 14.2 <0.001 ‘b7 forautoimmune fiver disease
Hepatocellular carcinoma 17,251 14.3 10.8 <0.001
Other causes of cirrhosis 14,847 16.0 8.2 <0.001 ; : :
Hepatitis B 6.461 38 i 0,001 The h!gh perFentage for fatty Ilverlls .not
Fatty liver 7482 131 27 <0.001 surprising, given the strong association of
BMI (kg/m?; mean (SD)) 146,694  29.7 (5.9) 279(5.7) <0.001 fatty liver with diabetes (see the section
MELD score (beginning 2/28/02), mean (SD) 113378 16.3(7.9) 174(87) <0.001 Nonalcoholic Fatty Liver Disease and
Kidney dialysis (%) 5,541 5.8 36 <0.001 Nonalcoholic Steatohepatitis). A high
Drug-reated hypertension (%) 26,270 36.2 15.4 <0.001 proportion of those patients with “other
Blood type O (%) 69,016 464 46.2 0.62 causes of cirrhosis” probably also had
DIABETES NO DIABETES fatty liver, because the diagnosis has only
AT TRANSPLANT N (N=17,958)  (N=65,528) P-VALUE* recently received attention and because
Time on waiting list (days; mean (SD)) 83,486 257 (411) 259 (441) 0.68 the amount of fat declines with advanced
Functional status (needs assistance; %) 39,454 62.9 57.5 <0.001 cirrhosis and may be difficult to detect.
Cold ischemia time (minutes; mean (SD)) 75,947 7.4 (3.8) 7.4 (3.8) 0.039 Because diabetes is a risk factor for HCC,
MELD score (beginning 2/28/02), mean (SD) 54,237 17.5(8.4) 18.7 (8.9) <0.001 the high percentage of cancer cases with
Variceal bleeding (%) 1,912 6.1 57 0.28 diabetes is not surprising. It is noteworthy
Donor characteristics that the recognition of diabetes among
Age (years; mean (SD)) 83,481 411 (17.3) 39.6 (17.0) <0.001 patients with HCV was just modesﬂy
Male (%) 49,698 59.7 59.5 0.61 higher than for HBV, which as noted,
Eﬂ\}\r/]rﬂty (%) 59,059 604 - <0.001 has not been considered to connote as
ite I ! . . . .
Black 12.256 157 144 high a risk of diabetes as HCV.
Hispanic 9,698 11.7 11.6
Asian 1,797 24 2.1 ; ot .
Other (non-missing) 649 08 038 Bletvzein thte tlmelofllstmi.znf trahtsh
BMI, body mass index; MELD, Model for End-Stage Liver Disease; SD, standard deviation. p_an ation, transp a_n candi _a eswi
* From a t-test for means or ¥? test for percentages. diabetes are more likely to die or to be
T Because patients may have more than one liver disease, the percentages are not mutually exclusive and add to withdrawn from the waiting list usually

greater than 100%.
SOURCE: Standard Analysis File of the Scientific Registry of Transplant Recipients 1994-2013
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because of deteriorating health. These
events occurred among 25.8% of those
with diabetes and 22.2% of those without
diabetes. The odds ratio for death or
withdrawal from the waiting list was 1.22
(95% CI 1.19-1.26). Due to this increased
risk of death or withdrawal, the proportion
of patients with diabetes at the time of
transplantation has been slightly less than
at listing but has increased just as quickly
over time (Figure 26.3).

Diabetes is frequently recognized
following liver transplantation regardless
of the cause of liver disease due, at
least in part, to immunosuppression
posttransplantation. It has been
suggested that the risk of posttransplant
diabetes is greater among patients
transplanted for HCV. In a meta-analysis
of seven studies, the overall risk of

GALLBLADDER DISEASE

posttransplant diabetes was 37.5% among
HCV negative patients and 53.7% among
patients who were HCV positive (82). The
summary odds ratio was 2.5 (95% Cl
1.4-4.2). A 2010 analysis of SRTR data
reported that 28.8% of HCV infected
recipients and 23.7% of uninfected
recipients developed new-onset diabetes
over a median follow-up of 685 days (83).
The multivariate-adjusted hazard ratio
was modest: 1.15 (95% CI 1.07-1.24) for
infected versus uninfected patients. Risk
factors for development of diabetes for
both infected and uninfected patients
included older age, higher BMI, the

use of tacrolimus and steroid in the
immunosuppression regimen, and

lack of immunosuppression induction.
Posttransplant HCV infection also has a
modest association with insulin resistance
(84,85). The increased posttransplant

Liver and Gallbladder Disease in Diabetes

risk of diabetes with HCV could be due

to a specific diabetogenic effect of HCV.
Because liver disease is often accelerated
due to the nearly universal posttransplant
recurrence of HCV, liver function may
have already deteriorated by the time

of evaluation for diabetes. In contrast,
many other liver diseases do not recur
following transplantation or their evolution
is slow. Furthermore, none of the
analyses of “new-onset” posttransplant
diabetes included pretransplant OGTT
(86,87,88,89,90,91,92,93). The few
studies that have diagnosed diabetes
based on OGTT found that a high
proportion of those with diabetes

after transplant had impaired glucose
tolerance or diabetes (as diagnosed by the
2-hour postload plasma glucose) before
transplant (78,94).

Gallstone disease is a common condition
affecting more than 20 million adults in the
United States (95). The majority of gall-
stones in the United States are composed
primarily of cholesterol. Cholesterol gall-
stones are believed to develop as a result
of three factors: (1) a higher proportion

of cholesterol relative to solubilizing bile
acids and phospholipids in bile, (2) a higher
proportion of pronucleating factors rela-
tive to antinucleating factors in bile, and
(3) impaired gallbladder motility, which
increases the opportunity for cholesterol
nucleation in the gallbladder. Abdominal
ultrasonography is the criterion standard
for diagnosis of gallstones because of

its accuracy and safety. The majority of
gallstones remain asymptomatic. For
symptomatic gallstones, the primary treat-
ment is cholecystectomy (surgical removal
of the gallbladder), the majority of which
are performed laparoscopically. Gallstone
disease can be defined as the presence of
gallstones on ultrasound or a history of a
cholecystectomy. Established risk factors
are older age, female sex, overweight and
obesity, higher parity, and family history.
Other factors that have been associated
with a higher prevalence of gallstone
disease are American Indian and, among
women, Mexican American ethnicities,

rapid weight loss, central adiposity, and
cigarette smoking, while a lower prev-
alence of gallstones has been found in
association with non-Hispanic black and
some Asian race ethnicities, higher alcohol
consumption, and greater physical activity.

GALLSTONE DISEASE

AND DIABETES

The relationship between diabetes and
gallstone disease is complicated by their

shared risk factors, such as age and obesity.

Table 26.12 summarizes studies of the rela-
tionship of gallstone disease with diabetes
that have been published since Diabetes
in America, 2nd edition (96). All listed
studies are population-based and, there-
fore, did not suffer from the ascertainment
bias that can occur with selected patient
samples. In all studies, gallstone disease
was identified using ultrasonography.
Diabetes was variably defined based on

a self-reported health care provider diag-
nosis, fasting plasma glucose, or an OGTT.

In the general U.S. population, both

men and women reporting a diagnosis

of diabetes were over 50% more likely

to have gallstone disease compared to
persons without a diabetes diagnosis after
adjustment for multiple shared risk factors

(Table 26.12) (95). Men and women with
undiagnosed diabetes (fasting plasma
glucose =126 mg/dL) were approximately
twice as likely to have gallstone disease as
persons with normal fasting glucose (<110
mg/dL [<6.11 mmol/L]) (Table 26.12)

(97). This relationship reached statistical
significance only among women. Impaired
fasting glucose (110-125 mg/dL) was
unrelated to gallstone disease among
either women or men. Two other studies
were conducted in the United States.
Among Mexican Americans in a Texas
county, women with previously diagnosed
diabetes who were receiving treatment,

or with newly identified diabetes based

on two fasting plasma glucose levels
=120 mg/dL (=6.66 mmol/L), were twice
as likely to have gallstone disease (98),
while there was no relationship among
men. Among a diverse group of American
Indians, women with diabetes (based

on an OGTT) had an over 40% higher
prevalence of gallstone disease. Among
men, the odds ratio was nearly as high
(OR 1.29) but did not reach statistical
significance (99). These results differ from
a much earlier study of Pima Indians using
cholecystography to identify gallstone
disease that did not find a higher preva-
lence among those with diabetes (100).
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TABLE 26.12. Prevalence and Relative Risk of Ultrasound-Diagnosed Gallstone Disease, by Diabetes Status

POPULATION, YEARS (REF.) DIABETES STATUS SAMPLE SIZE GALLSTONE DISEASE (%) ADJUSTED OR (95% Cl)
Studies of gallstone disease prevalence
NHANES il Men 5,257
1988-1994 (95) Diagnosed diabetes 1.54 (1.03-2.30)
No diabetes 1.0
Women 5,384
Diagnosed diabetes 1.63(1.12-2.36)
No diabetes 1.0
NHANES il Fasting plasma glucose (mg/dL)
1988-1994 (97) Men
=126 111 24.8 2.11 (0.76-5.85)
=110-125 280 10.4 0.68 (0.29-1.62)
<110 2,281 6.9 1.0
Women
=126 109 42.6 1.91 (1.29-2.83)
=110-125 199 30.1 1.17 (0.70-1.95)
<110 2,673 14.6 1.0
South Texas Mexican Americans Men 300
age 1574 years, Diabetes* 0.5(0.1-2.4)
1985-1986 (98) No diabetes 1.0
Women 699
Diabetes* 2.0(1.1-3.6)
No diabetes 1.0
Native Americans age =47 years Men 1,251
(Strong Heart Study), Diabetes 1.29(0.96-1.72)
1993-1995 (99) IGT 1.32 (0.89-1.96)
Normal OGTT 1.0
Women 2,045
Diabetes 1.43(1.14-1.80)
IGT 0.96 (0.71-1.29)
Normal OGTT 1.0
Italians age 30—69 years, Men 15,910
1984-1987 (101) Diabetes 1.541 (1.24-1.91)
No diabetes 1.0
Women 13,674
Diabetes 1.921 (1.60-2.31)
No diabetes 1.0
Italians age 30—69 years, Men 336 cases, 336 controls
1984-1987 (102) Diabetes 2.03(0.99-4.2)
IGT NS
Normal OGTT 1.0
Women
Diabetes 3.85(1.4-10.6)
IGT NS
Normal OGTT 1.0
Japanese men age 48-59 years, Men
1986-1994 (105) Diabetes 461 1.3(0.8-2.0)
IGT 996 1.3(0.9-1.8)
Normal OGTT 5,442 1.0
Taiwanese adults, 2003— Fasting plasma glucose (mg/dL)
2004 (106) Men 1,592
=126 39 NS
=110-125 6.1 NS
<110 8.9 1.0
Women 1,741
=126 4.3 2.11(1.16-3.83)
=110-125 8.3 NS
<110 13.9 1.0
Taiwanese adults, Fasting plasma glucose (mg/dL)
2002 (107) =126 149 1.71 (1.01-2.96)
=110-125 132 0.96 (0.47-1.97)
<110 2,100 1.0
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TABLE 26.12. (continued)

POPULATION, YEARS (REF.) DIABETES STATUS SAMPLE SIZE GALLSTONE DISEASE (%) ADJUSTED OR (95% Cl)
Studies of gallstone disease incidence
Italians age 30—69 years, All 1,962
1985-1993 (109) Diabetes 2.62 (1.21-5.66)
No diabetes 1.0
Italians age 30—79 years, Men 5,428
1985-1998 (110) Gallstones
Diabetes 1.75 (1.04-2.96)
No diabetes 1.0
Cholecystectomy
Diabetes 2.72 (0.89-8.33)
No diabetes 1.0
Women 4,089
Gallstones
Diabetes 1.10 (0.58-2.09)
No diabetes 1.0
Cholecystectomy
Diabetes 1.00 (0.22-4.49)
No diabetes 1.0

Conversions for glucose values are provided in Diabetes in America Appendix 1 Conversions. Cl, confidence interval; IGT, impaired glucose tolerance; NHANES, National Health
and Nutrition Examination Survey; NS, nonsignificant; OGTT, oral glucose tolerance test; OR, odds ratio.
* Diabetes is defined as diagnosed and treated or fasting whole blood glucose =120 mg/dL on repeat testing.

1 Age-adjusted only
SOURCE: References are listed within the table.

Among non-U.S. studies, an Italian study
(which was the largest population-based
study of ultrasound-detected gallstones)
found an association with diabetes among
both men and women; however, the
published results were adjusted only for
age and not for additional confounders,
such as BMI (101). In a nested case-control
study from the same Italian population
matched on age, sex, and BMI, gallstone
disease and diabetes were statistically
significantly associated among women
(OR 3.85), while the relationship among
men just missed statistical significance
(OR 2.03) (102). In a Japanese study

of men age 48-59 years that included
data from two previous smaller studies
(103,104) and additional participants, the
adjusted odds ratio was 1.3 for both OGTT-
detected diabetes and impaired glucose
tolerance but neither reached statistical
significance (105). Two Taiwanese studies
defined diabetes based on fasting plasma
glucose. An association was found in the
first among women only (OR 2.11) (106),
while in the second an over 70% higher
prevalence of gallstone disease was found
among diabetic men and women combined
(107). An older Taiwanese study also
found an association with diabetes (108).

Prospective studies of incident gallstone
disease can evaluate the temporal

relationship with potential disease risk
factors and, therefore, provide evidence
for a causal association; however, few
have been conducted. Two ltalian studies
found positive relationships with diagnosed
diabetes. In the first, during up to 7 years of
follow-up, diabetes was related to incident
gallstone disease with an odds ratio of 2.62
(109). In the second study, during a mean
follow-up time of 8 years, a relationship
was found among men, but not women.
Among men, the odds ratio was 1.75 for
gallstones and was even higher for chole-
cystectomy (OR 2.72), although the latter
did not reach statistical significance (110).

To further evaluate the relationship of
gallstone disease with diabetes in the
general U.S. population, new analyses
for Diabetes in America were conducted
using gallbladder ultrasonography data
on adults age 20—74 years from the
NHANES III. In these analyses, gallstone
disease prevalence and odds ratios may
not be identical to previously published
reports from the NHANES Il due to
differences in diabetes definitions and
adjustment only for age (prevalence), or
age, sex, and race/ethnicity. Diabetes
can be defined in the NHANES Ill as
diagnosed (self-reported health care
provider diagnosis) and, among persons
without a diagnosis, as undiagnosed

(Alc =6.5% or fasting glucose =126
mg/dL), prediabetes (Alc 5.7%—6.4%

or fasting glucose 100—-125 mg/dL), or
normal glucose (Alc <5.7% and fasting
glucose <100 mg/dL). The prevalence

(+ standard error) of gallstone disease
was 33.3%+2.6% among those with
diagnosed diabetes, 23.3%+2.2%

among those with undiagnosed diabetes,
20.8%+1.5% among those with predi-
abetes, and 16.7%+1.7% among those
with normal glucose (Figure 26.4, Table
26.13). A similar pattern of increasing
gallstone disease prevalence with greater
impairment of glucose metabolism

was observed among men and women;
young, middle-age, and older adults; and
non-Hispanic whites, non-Hispanic blacks,
and Mexican Americans. Compared with
persons with normal glucose, those with
diagnosed diabetes had an age-sex-race/
ethnicity-adjusted odds ratio of 2.3 (95%
Cl 1.7-3.2) for gallstone disease. These
increased odds ranged from double
among Mexican Americans to triple among
persons age 20—44 years. There was a
trend toward an increased prevalence of
gallstone disease among persons with
undiagnosed diabetes in the total popula-
tion (OR 1.5, 95% CI 1.0-2.1), which was
statistically significant among women
and non-Hispanic blacks. Individuals with
prediabetes did not have a statistically
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significantly higher prevalence of gallstone
disease compared with those with normal
glucose (OR 1.2, 95% Cl 0.94-1.6),
although the results were statistically
significantly different among men.

When ultrasound-diagnosed gallstones
and cholecystectomy were examined
separately, the prevalence was higher
among those diagnosed with diabetes for

both gallstones (15.4%+1.7%) and chole-
cystectomy (17.9%+2.3%) (Figure 26.4,
Table 26.13). Compared to persons with
normal glucose, those with diagnosed
diabetes had age-adjusted odds ratios
of 1.6 (95% Cl 1.1-2.4) for gallstones
and 2.6 (95% CI 1.7-4.0) for cholecys-
tectomy. Persons with undiagnosed
diabetes also had a higher odds ratio for

cholecystectomy (OR 1.6, 95% CI 1.1-2.5).

FIGURE 26.4. Age-Standardized Prevalence of Gallstone Disease, Ultrasound-Diagnosed
Gallstones, and Cholecystectomy, by Diabetes Status, U.S., 1988—-1994

M Diagnosed diabetes

40 - W Prediabetes

30+
20 I

10

Prevalence (%)

Gallstone Disease

Ultrasound-Diagnosed
Gallstones

Undiagnosed diabetes
Normal glucose

-I

Cholecystectomy

Diagnosed diabetes is defined as self-reported health care provider diagnosis. Undiagnosed diabetes is defined

as glycosylated hemoglobin (Alc) =6.5% or fasting plasma glucose =126 mg/dL; prediabetes is defined as Alc
5.7%—6.4% or fasting plasma glucose 100-125 mg/dL; normal glucose is defined as Alc <5.7% and fasting

plasma glucose <100 mg/dL. Gallstone disease is defined as ultrasound-documented gallstones or evidence of a
cholecystectomy. All gallstone disease is defined as either of these conditions. Data are standardized to the National
Health Interview Survey 1991 diabetic population age 20—74 years using age categories 20—44, 45-64, and 65-74
years. Errors bars represent 95% confidence intervals. Conversions for Alc and glucose values are provided in

Diabetes in America Appendix 1 Conversions.

SOURCE: National Health and Nutrition Examination Survey Ill 1988-1994

Similar patterns were generally seen
across sex, age, and racial/ethnic
subgroups, although not all relationships
reached statistical significance due to
smaller numbers.

Gallstone disease can be examined

among those with diabetes by duration

of disease and type of treatment. However,
no consistent pattern was seen in the

U.S. population with a longer duration

or more intensive treatment of diabetes
(Table 26.14).

GALLSTONE DISEASE AND

INSULIN RESISTANCE

Cholesterol gallstones are associated
with common metabolic abnormalities,
including obesity, glucose intolerance,
and dyslipidemia that are also compo-
nents of the metabolic syndrome (111);
hence, gallstone disease has been
proposed as the gallbladder mani-
festation of the metabolic syndrome
(112,113). The insulin resistance and
hyperinsulinemia that characterize the
development of type 2 diabetes play a
primary role in the metabolic syndrome.
Hyperinsulinemia may be more important
in gallstone formation than diabetes itself
(21,22,25,26,27,28,29).

TABLE 26.13. Age-Standardized Prevalence and Odds Ratios for Gallstone Disease, Ultrasound-Diagnosed Gallstones, and Cholecystectomy,
by Diabetes Status, Age, Sex, and Race/Ethnicity, U.S., 1988-1994
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Table 26.13 continues on the next page.

CHARACTERISTICS/ ALL GALLSTONE DISEASE ULTRASOUND-DIAGNOSED GALLSTONES CHOLECYSTECTOMY
DIABETES STATUS*  Percent (95% Cl) ORft (95% Cl) Percent (95% Cl) ORft (95% Cl) Percent (95% Cl) ORt (95% Cl)
All

Diagnosed 33.3(28.3-38.6) 2.3(1.7-3.2) 15.4 (12.2-19.1) 1.6(1.1-2.4) 17.9 (13.8-23.0) 2.6 (1.7-4.0)

Undiagnosed 23.3(19.1-28.0) 1.5(1.0-2.1) 11.3(8.2-15.4) 1.2(0.78-1.9) 12.0(9.4-15.2) 1.6 (1.1-2.5)

Prediabetes 20.8 (17.9-24.0) 1.2 (0.94-1.6) 13.3(11.0-15.9) 1.4(1.0-1.9) 7.5(5.9-9.5) 0.99 (0.65-1.5)

Normal glucose 16.7 (13.5-20.5) 1.0 10.0 (7.6-13.1) 1.0 6.7 (4.9-9.0) 1.0

Age (years)

20-44
Diagnosed 19.6 (10.6-33.2) 3.0 (1.4-6.4) 7.1 (3.2-15.2) 2.0 (0.74-5.6) 12.4 (5.0-27.8) 3.3(1.2-9.1)
Undiagnosed 7.2 (4.1-12.4) 1.2 (0.59-2.6) 4.9(2.7-8.6) 1.6 (0.70-3.5) 2.4 (0.68-7.8) 0.84(0.23-3.1)
Prediabetes 6.5 (4.2-10.0) 0.98 (0.61-1.6) 4.6(2.7-7.8) 1.4(0.70-2.7) 1.9(0.79-4.4) 0.56 (0.19-1.6)
Normal glucose 5.4 (4.1-7.1) 1.0 3.0 (2.0-4.6) 1.0 2.4 (1.6-3.4) 1.0

45-64
Diagnosed 30.7 (24.0-38.4) 2.2 (1.4-3.5) 15.2 (11.0-20.7) 1.6(0.97-2.8) 15.4 (10.4-22.3) 2.4 (1.5-4.1)
Undiagnosed 23.8(17.1-32.0) 1.7 (1.0-2.6) 11.0 (6.0-19.4) 1.2 (0.60-2.4) 12.8(8.8-18.2) 2.1(1.2-3.9)
Prediabetes 20.8 (16.2-26.3) 1.5(0.97-2.2) 13.0(9.3-17.9) 1.5(0.94-2.3) 7.8 (5.8-10.5) 1.3(0.79-2.1)
Normal glucose 14.6 (11.0-19.1) 1.0 8.9 (6.4-12.2) 1.0 5.8 (4.0-8.2) 1.0

65-74
Diagnosed 47.2 (39.8-54.6) 2.3(1.6-3.3) 216 (15.9-28.8) 1.4(0.79-2.3) 25.5 (19.8-32.2) 2.7 (1.6-4.6)
Undiagnosed 34.4(24.0-467)  1.3(0.72-2.5) 16.4(9.0-28.1) 0.96 (0.42-2.2) 18.0(11.8-26.4) 1.7 (0.91-3.4)
Prediabetes 31.3 (26.4-36.8) 1.2 (0.74-1.8) 20.1 (15.4-25.8) 1.2(0.70-2.2) 11.2 (8.0-15.6) 1.0(0.53-1.9)
Normal glucose 28.1 (21.4-36.0) 1.0 16.9 (11.7-23.9) 1.0 11.2 (7.2-17.0) 1.0
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Percent (95% Cl)

ULTRASOUND-DIAGNOSED GALLSTONES

OR? (95% Cl)

Liver and Gallbladder Disease in Diabetes

CHOLECYSTECTOMY
Percent (95% CI)  ORf (95% Cl)

CHARACTERISTICS/ ALL GALLSTONE DISEASE
DIABETES STATUS*  Percent (95% Cl) ORft (95% Cl)
Sex

Men
Diagnosed 23.6(18.8-29.3) 2.6 (1.5-4.4)
Undiagnosed 17.4 (11.7-25.0) 1.6 (0.84-3.0)
Prediabetes 16.1 (12.5-20.6) 1.7 (1.1-2.5)
Normal glucose 11.6 (7.7-17.0) 1.0

Women
Diagnosed 41.6 (34.3-49.2) 2.6(1.8-3.8)
Undiagnosed 28.6 (22.7-35.2) 1.6(1.1-2.4)
Prediabetes 27.1(23.3-31.3) 1.4 (1.0-2.0)
Normal glucose 20.2 (16.2-24.9) 1.0

Race/ethnicity

Non-Hispanic white
Diagnosed 35.9(29.6-42.7) 2.7 (1.9-3.9)
Undiagnosed 24.9 (19.4-31.4) 1.6(1.0-2.4)
Prediabetes 21.4 (17.9-25.3) 1.3(0.94-1.8)
Normal glucose 16.0 (12.9-19.6) 1.0

Non-Hispanic black
Diagnosed 20.8 (16.4-26.0) 2.2(1.3-37)
Undiagnosed 19.0(13.8-25.6) 19(1.4-2.5)
Prediabetes 11.3(8.0-15.7) 1.1(0.61-2.0)
Normal glucose 8.1(4.9-13.]) 1.0

Mexican American
Diagnosed 41.1(36.5-45.9) 2.0(1.3-3.1)
Undiagnosed 24.1(15.5-35.6) 1.2 (0.64-2.4)
Prediabetes 24.2 (19.6-29.6) 1.1(0.70-1.6)
Normal glucose 21.2 (13.0-32.6) 1.0

16.2 (12.1-21.4)
10.0 (5.8-16.9)
11.0 (8.2-14.7)

8.6 (5.3-13.6)

14.6 (10.3-20.3)
12.0 (8.0-17.4)
165 (13.7-19.8)
11.0 (8.0-14.9)

15.7 (12.1-20.2)
11.2 (7.2-16.9)

13.7 (11.0-17.)
9.3(7.0-12.3)

12.3(8.9-16.7)
13.8(9.2-20.1)
6.9 (4.5-10.5)
59 (3.1-11.0)

18.0 (13.2-24.0)
10.5 (5.7-18.7)

11.2 (8.3-15.0)
9.6 (4.9-18.2)

2.3 (1.2-4.4)

1.2 (0.55-2.6)

1.5 (0.92-2.4)
1.0

1.4 (0.85-2.2)
1.3(0.80-2.3)
1.7 (1.2-2.4)
1.0

1.7 (1.1-2.6)

1.2 (0.66-2.1)

1.5(0.98-2.3)
1.0

24(1.1-5.3)

2.5 (1.6-3.8)

1.3(0.59-3.0)
1.0

1.7 (0.97-2.9)

0.90 (0.41-2.0)

1.1(0.64-1.8)
1.0

7.4 (4.6-11.9)
7.4(3.9-13.4)
51(3.2-8.1)
3.0(1.1-76)

27.0 (20.7-34.4)

16.6 (12.2-22.2)
10.6 (8.0-13.9)
9.2 (6.7-12.4)

20.2 (14.8-26.8)
13.7 (10.1-18.3)
7.6 (5.6-10.3)
6.7 (4.8-9.2)

8.5 (5.5-13.0)
5.2 (3.0-9.1)
4.4(2.6-7.4)
2.2 (1.0-4.5)

23.1(17.4-30.0)
13.6 (7.7-22.9)

13.0 (8.5-19.4)
116 (76-17.2)

2.7 (1.1-6.9)

2.7 (0.95-7.6)

2.1(0.75-5.7)
1.0

3.2(2.0-5.2)

17 (1.1-2.8)

1.1(0.69-1.6)
1.0

3.0(1.9-4.9)

1.9(1.1-3.3)

1.0 (0.64-1.7)
1.0

1.7 (0.99-2.9)
1.1(0.61-1.8)
0.82 (0.48-1.4)
1.0

1.9(1.2-2.9)

1.7 (0.85-3.5)

1.1(0.62-2.1)
1.0

Gallstone disease is defined as ultrasound-documented gallstones or evidence of a cholecystectomy. All gallstone disease is defined as either of these conditions.
Data are standardized to the National Health Interview Survey 1991 diabetic population age 20—74 years using age categories 20—44, 45—64, and 65-74 years. Cl, confidence

interval; OR, odds ratio.

* Diagnosed diabetes is defined as self-reported health care provider diagnosis. Undiagnosed diabetes is defined as glycosylated hemoglobin (Alc) =6.5% or fasting plasma
glucose =126 mg/dL; prediabetes is defined as Alc 5.7%—6.4% or fasting plasma glucose 100-125 mg/dL; normal glucose is defined as Alc <5.7% and fasting plasma glucose
<100 mg/dL. Conversions for Alc and glucose values are provided in Diabetes in America Appendix 1 Conversions.

1 0dds ratios for the total population are adjusted for age, sex, and race/ethnicity.

SOURCE: National Health and Nutrition Examination Survey [ll 1988-1994

Population-based studies of the rela-

TABLE 26.14. Age-Standardized Prevalence of Gallstone Disease, Ultrasound-Diagnosed

tionship between ultrasound-diagnosed
gallstone disease and insulin resistance, in
which an adjusted odds ratio was reported,
are summarized in Table 26.15. In studies
of the general population, insulin resis-
tance has been defined either as fasting
serum insulin concentration, which is
typically elevated as a result of insulin
resistance, or using HOMA-IR, which is
calculated from fasting insulin and fasting
glucose and has been validated against
the criterion standard for measurement

of insulin resistance, the euglycemic
hyperinsulinemic clamp (114,115). In the
U.S. population, among persons without

a previous diabetes diagnosis, the prev-
alence of gallstone disease rose with
increasing fasting serum insulin concen-
tration among women, but not among
men (97). The association in women

was independent of multiple potential
confounding factors, including fasting
glucose, BMI, waist-to-hip ratio, and
physical activity. However, the relationship

Gallstones, and Cholecystectomy, by Diabetes Duration and Treatment, U.S., 1988-1994

PERCENT (95% CONFIDENCE INTERVAL)

N All Gallstone Disease

Duration (years)

<5 383 36.2 (28.8-44.5)
529 191 22.9(14.4-34.4)
10-19 247 31.2 (21.7-42.5)
=20 141 48.3 (31.9-65.0)
Treatment
No medications 229 33.4(22.3-46.8)
Oral only 426 32.0 (25.2-39.6)
Insulin only 262 38.1(28.6-48.6)
Oral and insulin 45 23.6 (11.4-42.4)

Ultrasound-Diagnosed

Gallstones

16.9 (12.1-23.0)
117 (6.5-20.1)
13.9(7.8-23.7)

22.3 (10.4-41.4)

14.9 (9.3-22.9)
13.8(9.9-19.0)
18.2 (11.8-27.1)
20.1(8.9-39.3)

Cholecystectomy

19.4 (13.5-27.0)
11.2 (6.3-19.2)
17.2 (10.0-28.2)
26.0 (16.1-39.0)

18.6 (10.7-30.2)

18.2 (12.5-25.6)

19.9 (14.2-27.2)
3.5(1.0-11.0)

Gallstone disease is defined as ultrasound-documented gallstones or evidence of a cholecystectomy. All gallstone
disease is defined as either of these conditions. Data are standardized to the National Health Interview Survey 1991

diabetic population age 20—74 years using age categories 20—44, 45—-64, and 65—74 years.

SOURCE: National Health and Nutrition Examination Survey Ill 1988-1994

of gallstone disease with insulin did

not account for the increased risk of
gallstones in persons with undiagnosed
diabetes. This may have partly resulted
from limitations of a cross-sectional study
in which insulin levels at the time of exam-
ination may differ from those at the time

of gallstone formation and limitations of
using serum insulin concentration as a
surrogate for insulin resistance.

Among non-U.S. studies, in a Chilean
Hispanic population at high risk for gallstone
disease, persons with insulin resistance
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TABLE 26.15. Prevalence and Relative Risk of Ultrasound-Diagnosed Gallstone Disease, by Insulin Resistance Status

INSULIN RESISTANCE STATUS SAMPLE SIZE

POPULATION, YEARS (REF.)
Studies of gallstone disease prevalence

GALLSTONE DISEASE (%) ADJUSTED OR (95% Cl)

Participants without diagnosed diabetes, Fasting serum insulin (pmol/L)

NHANES IIl, 1988-1994 (97) Men 2,672
=80 134 0.91 (0.46-1.77)
58—<80 77 0.67 (0.32-1.41)
46—<58 5.6 0.67 (0.38-1.16)
35—<46 7.1 0.93 (0.56-1.54)
<35 5.0 1.0
Women 2,981
=77 274 1.63(1.11-2.40)
56—<77 19.5 1.50 (1.07-2.10)
44—-<56 147 1.30(0.89-1.88)
34-<44 11.1 1.09 (0.74-1.62)
<34 7.6 1.0
Chilean adults, 2000 (116) HOMA-IR 881
Gallstones
4th quartile 1.8(1.1-3.2)
1st=3rd quartiles 1.0
Cholecystectomy
4th quartile 2.1(1.2-3.8)
1st=3rd quartiles 1.0
Metabolic syndrome
Present 1.7 (1.2-2.5)
Absent 1.0
Nondiabetic Korean male workers, Men 19,503
2005 (117) Gallstones
HOMA-IR 1.14 (1.04-1.25)
Metabolic syndrome
Present 29 1.26 (0.96-1.65)
Absent 1.0

Study of gallstone disease incidence

Nondiabetic Italians age 30—69 years, Highest insulin quintile 101 cases, 303 controls 2.64(1.04-6.72)

1985-1993 (118)

Conversions for insulin values are provided in Diabetes in America Appendix 1 Conversions. Cl, confidence interval; HOMA-IR, homeostasis model assessment of insulin resistance;
NHANES, National Health and Nutrition Examination Survey; OR, odds ratio.

SOURCE: References are listed within the table.

in the highest quartile had an 80% higher
prevalence of gallstones and over twice
the prevalence of cholecystectomy (116).
In a large study of nondiabetic Korean
men, gallstones on ultrasound were
associated with insulin resistance, and
this relationship was found regardless of
obesity status (117). Persons who met the
criteria for the metabolic syndrome had an
increased prevalence of gallstone disease
in the Chilean study, while there was no
statistically significant relationship of the
metabolic syndrome with gallstones among
Korean men. In the one prospective study
of gallstone disease and insulin resistance of
which the authors are aware, an increased
risk of gallstone disease was found with
insulin resistance among those without
diabetes. In this Italian nested case-control
study, an insulin level in the highest quintile
was associated with incident gallstone
disease with an odds ratio of 2.64 (118).
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In conclusion, among published popu-
lation-based studies utilizing gallbladder
ultrasonography, there has been a fairly
consistent association of gallstone disease
with diabetes independent of adiposity
and other factors. The increased risk has
ranged from approximately 40% higher to
double among persons with diabetes. The
relationship has been more consistent
among women than men. This may result
from decreased statistical power to detect
such a relationship in men, who have a
lower prevalence of gallstones. In addition,
although the majority of gallstones in the
United States are cholesterol stones (119),
the proportion of cholesterol stones is
lower in men than in women (120,121).

An exception with regard to gender differ-
ence was a stronger relationship among
men in one of the Italian studies of inci-
dent gallstone disease (110). In analyses
for Diabetes in America, age-standardized

analyses of the U.S. population discussed
above, a similar pattern of increasing
gallstone disease prevalence with greater
impairment of glucose metabolism

was observed among men and women;
young, middle-aged, and older adults; and
non-Hispanic whites, non-Hispanic blacks,
and Mexican Americans.

With regard to the direction of the relation-
ship, it has generally been considered that
diabetes predisposes to gallstone disease,
though the majority of studies have been
cross-sectional. In contrast, a European
prospective study found that self-reported
gallstone disease preceded the diagnosis
of type 2 diabetes (122). An association of
insulin resistance with gallstone disease
has been shown among those without
overt diabetes (117,118). Insulin resistance
may be the link between diabetes and
gallstone disease.
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LIST OF ABBREVIATIONS CONVERSIONS

Alc.......... glycosylated hemoglobin Conversions for Alc and glucose
ALT.......... alanine aminotransferase values are provided in Diabetes in
AST ......... aspartate aminotransferase America Appendix 1 Conversions.
AUROC ...... area under the receiver operating characteristic curve
BMI......... body mass index
Cl........... confidence interval
GGT......... gamma glutamyltransferase ACKNOWLEDGMENTS/
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MR.......... magnetic resonance
NAFLD....... nonalcoholic fatty liver disease
NASH. ....... nonalcoholic steatohepatitis
NHANES . .... National Health and Nutrition Examination Survey DUALITY OF INTEREST
OGTT........ oral glucose tolerance test
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