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Abstract

Objective: To determine whether moderate alcohol intake modifies the association between low
vitamin D levels and insulin resistance (IR), we hypothesized that moderate alcohol intake would
have a modifying effect on IR in people with low vitamin D levels.
Methods: This was a cross-sectional analysis of subjects 20 y old without a history of diabetes,
coronary heart disease, or stroke in the National Health and Nutrition Examination Survey 2001–
2004. Main outcome was IR status measured by homeostasis model assessment for IR (HOMAIR;  2.6) and fasting insulin (>12.2 mU/mL) in moderate drinkers compared with non-drinkers by
vitamin D levels (deficient 20 ng/mL, insufficient 21–32 ng/mL, normal >32 ng/mL).
Results: Two thousand seven hundred twenty-one subjects met the inclusion criteria, representing
a weighted total of >138 million people. Of these, 34% were vitamin D deficient and 47% insufficient.
In adjusted analysis, compared with moderate drinkers with normal vitamin D levels, non-drinkers had
no increased risk of IR by HOMA-IR levels (odds ratio [OR] 1.18, 95% confidence interval [CI] 0.61–
2.30). Vitamin D–deficient individuals had a higher risk of IR regardless of alcohol consumption
(moderate drinkers OR 2.12, 95% CI 1.41–3.19; non-drinkers OR 2.22, 95% CI 1.29–3.83). However,
in those with insufficient vitamin D levels, moderate alcohol intake had a modifying effect on the odds
of IR, with no difference seen in moderate drinkers (OR 1.29, 95% CI 0.92–1.80) and an increased risk
found in non-drinkers (OR 1.82, 95% CI 1.07–3.11). Similar results were seen with fasting insulin.
Conclusion: Moderate alcohol consumption appears to have a modifying effect on the risk of IR in
individuals with insufficient levels of vitamin D. Ó 2010 Elsevier Inc. All rights reserved.
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Introduction
Insulin resistance (IR) is a marker of early cardiovascular
disease (CVD) and relates to impairment of physiologic response of tissues to insulin, leading to disruption of various metabolic processes. Patients with IR are more likely to progress to
various CVDs including hypertension and type 2 diabetes [1,2].
Cardiovascular disease and glucose metabolism are also
related to vitamin D insufficiency. Fasting serum glucose
has been found to be significantly higher in subjects with
25-hydroxyvitamin D levels <80 nmol/L compared with
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subjects with levels >80 nmol/L [3]. A similar result was
found in a study of elderly patients with insufficient vitamin
D status [4]. Subjects in the lowest tertile of 25-hydroxyvitamin D had a significantly higher blood glucose increase and
a higher blood insulin increase after an oral glucose load
compared with subjects in the highest tertile [4]. Analyzing
the Third National Health and Nutrition Examination Survey
(NHANES III), Scragg et al. [5] found an inverse association
of 25-hydroxyvitamin D with fasting glucose in nonHispanic whites and Mexican Americans, but not in nonHispanic blacks. The homeostasis model assessment of IR
(HOMA-IR) was inversely associated with 25-hydroxyvitamin D in Mexican Americans, but not in non-Hispanic whites
(P ¼ 0.058) or non-Hispanic blacks (P ¼ 0.93).
In terms of alcohol consumption, many epidemiologic
studies have found that moderate alcohol intake decreases
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coronary heart disease risk and cardiovascular mortality [6–
9]. This has been observed in those at high risk for coronary
heart disease and those at lowest risk [10,11]. In the Physicians Health Study, there was a decrease in total and cardiovascular mortality risk in hypertensive men who drank
alcohol compared with rare or non-drinkers [12]. King
et al. [13] recently showed that middle-aged people free of
CVD who started drinking in midlife had lower rates of
CVD morbidity in just 4 y.
Research for more than a decade has shown that moderate
alcohol consumption has a favorable affect on insulin sensitivity and is protective against IR in various populations. The
Bruneck study of 820 healthy men and women 40–79 y of
age in Italy showed that low to moderate amounts of alcohol
were associated with improved insulin sensitivity as measured by fasting insulin and HOMA [14]. Further, favorable
effects have been demonstrated in postmenopausal women
[15], overweight women in the Nurses’ Health Study II
[16], in young adults [17], and in the nationally representative
NHANES III [18].
It is unknown whether alcohol intake can offset the detrimental effects of low serum vitamin D levels on IR. The
purpose of this study is to determine whether moderate alcohol intake is associated with lower IR in individuals with low
vitamin D levels.
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to already have IR. Diabetes was operationalized by patients’
self-report of having ever been told by a doctor they have
diabetes or are currently taking medications for diabetes.
We also excluded participants with a history of heart attack,
a history of stroke, and excessive alcohol drinkers. Excessive
alcohol drinking was defined as more than two drinks per day
for men and more than one drink per day for women. A drink
was defined as 12 oz of beer, a 4-oz glass of wine, or 1 oz of
liquor.
Insulin resistance was defined by the established marker of
a fasting insulin level >12.2 mU/L, which was established by
correlation with the glycemic/euglycemic clamp method [21],
considered the gold standard for determining IR. We also used
the HOMA-IR. HOMA-IR is calculated by multiplying fasting serum insulin (milliunits per liter) and fasting plasma
glucose (milligrams per deciliter) divided by 405 [22]. Standardized cutoff values for HOMA-IR have been determined
at the 75th percentile in only one study [23]. However, this
level of 2.6 corresponds to a fasting insulin level representative of IR established by the glycemic/euglycemic clamp
method. We also used ‘‘score 2B’’ by McAuley et al. [21]
to characterize the insulin sensitivity index as a categorical
variable using fasting insulin and fasting triacylglycerol
levels. A score 2B >1 corresponded to a 73% chance of IR.
Vitamin D

Materials and methods
Survey description
We analyzed data from the 2001–2004 NHANES. The
NHANES 2001–2004 is a product of the National Center
for Health Statistics that consists of detailed household interviews and physical and laboratory examinations. It is a continuous annual survey consisting of participants from
a nationally representative sample of non-institutionalized
residents of the United States. Certain groups such as African
Americans, Mexican Americans, and older people are oversampled to ensure adequate numbers for subgroup analyses.
Samples are weighted so they are representative of the U.S.
population. Sampling weights were calculated by taking
into account unequal probabilities of selection due to sample
design and oversampling and then matched to known population control totals to be representative of the U.S. population. Descriptions of the NHANES design and sampling
methods are available from the National Center for Health
Statistics [19,20].

The Diasorin (Stillwater, MN, USA) 25-hydroxyvitamin
D assay consists of a two-step procedure. The first step
involves extraction of 25-hydroxyvitamin D and other
hydroxylated metabolites from serum with acetonitrile. After
extraction, the treated sample is assayed by using an equilibrium radioimmunoassay procedure. The radioimmunoassay
method is based on an antibody with specificity to 25-hydroxyvitamin D. Vitamin D deficiency was characterized as
<20 ng/mL [24], insufficiency as 20–32 ng/mL [25], and
normal as >32 ng/mL.
Alcohol consumption
Participants were also classified as non-drinkers or moderate drinkers within vitamin D categories. Moderate drinking
was defined as no more than two drinks per day for men and
no more than one drink per day for women. A drink was
defined as 355 mL of beer, a 118-mL glass of wine, or
30 mL of liquor.
Covariates

Subsample population
The subpopulation analyzed included adult men and
women 20 y of age in NHANES 2001–2004. Participants
with fasting insulin and fasting glucose levels were selected.
Because we were interested in looking at IR as a prediabetic
state and as a risk factor for later disease, we excluded any
patients with a history of diabetes because they are known

Several potential confounding variables were assessed.
The covariates included were age, gender, race/ethnicity,
smoking status, body mass index (BMI), and physical activity. For race/ethnicity, participants were categorized into
non-Hispanic white, non-Hispanic black, and Hispanic plus
other race including multiracial based on patient self-report.
Smoking status was categorized as current smoker or not.

102

M. S. Player et al. / Nutrition 26 (2010) 100–105

Regular physical activity was defined as moderate or vigorous activity in the previous 30 d versus sedentary based on
participant self-report. Age in years and BMI in kilograms
per meter squared were each categorized for univariate
analysis and included as continuous variables in regression
modeling. BMI was calculated in NHANES from the
measured weight and height of the participant.
Data analysis
Descriptive statistics and logistic regression modeling
of the sample population were conducted using SUDAAN
9.0.1 (Research Triangle, NC, USA) to account for the
complex sampling methods of the NHANES data. Weighted
population estimates are given for covariates and vitamin D/
alcohol consumption categories. Multivariable logistic
regression models predicting odds of IR, as defined by
HOMA-IR and fasting insulin, were also performed controlling for gender, race/ethnicity, smoking status, and physical
activity as categorical variables and age and BMI as continuous variables. Results for all regression models are presented
as odds ratios (OR) with 95% confidence intervals (CI), with
vitamin D >32 ng/mL and moderate alcohol drinking as the
referent category.
Results
Characteristics of the sample are presented in Table 1.
There were 2721 individuals (unweighted) in the sample representing >138 million people in the United States. Of those,
18.7% had normal vitamin D levels, 47.3% insufficient
levels, and 34% deficient levels.
In unadjusted analysis, a higher percentage of individuals
with low vitamin D levels had IR by HOMA-IR (Table 2) and
fasting insulin (Table 3) measurements compared with those
with normal vitamin D levels. For example, 48.9% of nondrinkers and 43.7% of moderate drinkers with vitamin D
levels 20 mg/mL (deficient category) had elevated
HOMA-IR levels compared with 27.9% of non-drinkers
and 21.2% of moderate drinkers with normal vitamin D
levels (Table 2; P < 0.01), with those with insufficient levels
of vitamin D (>20–32 ng/mL) falling in between. Similar results were shown with fasting insulin (Table 3).
In adjusted analysis assessing the impact of moderate alcohol consumption on IR markers in individuals in the three
vitamin D categories, we found that those with deficient vitamin D levels had higher odds of IR by HOMA-IR regardless
of alcohol consumption, with non-drinkers having an OR of
2.22 (95% CI 1.29–3.83) and moderate drinkers an OR of
2.12 (95% CI 1.41–3.19) compared with the referent group
of moderate alcohol intake and normal vitamin D levels
(Table 4). Similarly there was no difference by alcohol
consumption for risk of IR for those with normal vitamin D
levels (non-drinkers OR 1.18, 95% CI 0.61–2.30).
In the vitamin D insufficient group (>20–32 ng/mL),
however, moderate alcohol consumption had a modifying

Table 1
Demographics of sample
Unweighted (n)
Weighted (n)
Age (%)
20–39 y
40–64 y
 65 y
Gender (%)
Male
Female
Race/ethnicity (%)
Non-Hispanic white
Non-Hispanic black
Hispanic and other race
Smoking (%)
Non-smoker
Current smoker
Body mass index (%)
< 25 kg/m2
25–29.9 kg/m2
 30 kg/m2
Physical activity (%)
None
Moderate
Vigorous
Vitamin D and alcohol consumption (%)
Vitamin D 20 ng/mL
Non-drinker
Moderate drinker
Vitamin D >20–32 ng/mL
Non-drinker
Moderate drinker
Vitamin D >32 ng/mL
Non-drinker
Moderate drinker

2721
138 020 372
45.95
42.57
11.48
48.96
51.04
74.31
10.05
15.64
77.34
22.66
35.17
35.69
29.14
31.65
30.40
37.95

9.73
24.27
11.28
36.00
3.56
15.16

effect. Non-drinkers had a higher odds of IR by HOMA-IR
(OR 1.82, 95% CI 1.07–3.11), whereas the odds of IR in
moderate drinkers was statically no different than the referent
group (OR 1.29, 95% CI 0.92–1.80). Similar results were
seen for moderate drinkers with insufficient vitamin D levels
for fasting insulin in adjusted analysis (Table 5). The score
2B insulin sensitivity index [21] (using insulin and triacylglycerols) showed the same trend as HOMA-IR and fasting
Table 2
Relation of elevated HOMA to vitamin D and alcohol consumption

Vitamin D 20 ng/mL
Non-drinker
Moderate drinker
Vitamin D >20–32 ng/mL
Non-drinker
Moderate drinker
Vitamin D >32 ng/mL
Non-drinker
Moderate drinker

Total
weighted (n)

HOMA
2.6 (%)

P

13 427 870
33 494 259

48.88
43.69

<0.01

15 566 032
49 693 155

37.69
30.42

4 916 213
20 922 842

27.88*
21.20

HOMA, homeostasis model assessment
* Unreliable estimate (unweighted n < 30).
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Table 3
Relation of elevated insulin to vitamin D and alcohol consumption
Total
weighted (n)
Vitamin D 20 ng/mL
Non-drinker
13 427 870
Moderate drinker
33 494 259
Vitamin D >20–32 ng/mL
Non-drinker
15 566 032
Moderate drinker
49 693 155
Vitamin D >32 ng/mL
Non-drinker
4 916 213
Moderate drinker
20 922 842

Insulin >12.2
mU/mL (%)

P

42.61
38.09

<0.01

31.08
22.18
22.12*
15.26

* Unreliable estimate (unweighted n < 30).

insulin. Non-drinkers in the vitamin insufficient group (>20–
32 ng/mL) had an OR of 2.22 (95% CI 1.00–4.91), whereas
moderate drinkers were not significantly different from the
referent group (OR 1.23, 95% CI 0.65–2.31).
Discussion
In this cross-sectional study, we demonstrated that moderate alcohol intake is associated with improved insulin sensitivity in people with vitamin D insufficiency but not in people
with vitamin D deficiency or normal vitamin D levels. There
were no differences by gender, and the effects were independent of age, race/ethnicity, smoking status, BMI, and physical activity.
Previous research has shown that low vitamin D levels
increase the risk of IR and diabetes. The biochemical
processes underlying this are complex. Studies have shown
that vitamin D has an effect on b-cells and insulin production
[26], including a positive correlation between serum vitamin
D levels and insulin sensitivity [26,27]. In Chiu et al. [26],
vitamin D levels <20 ng/mL showed a higher risk of IR
and other components of metabolic syndrome. Further,
favorable effects of moderate alcohol consumption on IR
and markers of glucose metabolism have been demonstrated
in postmenopausal women [15], overweight women in the
Nurses’ Health Study II [16], ing young adults [17], and in
Table 4
Logistic regression describing relation of elevated HOMA (2.6) to vitamin
D and alcohol consumption*

Vitamin D 20 ng/mL
Non-drinker
Moderate drinker
Vitamin D >20–32 ng/mL
Non-drinker
Moderate drinker
Vitamin D >32 ng/mL
Non-drinker
Moderate drinker

Odds Ratio

95% CI

2.22
2.12

1.29–3.83
1.41–3.19

1.82
1.29

1.07–3.11
0.92–1.80

1.18
1.00

0.61–2.30
—

CI, confidence interval; HOMA, homeostasis model assessment
* Adjusted for age, gender, race/ethnicity, smoking status, body mass
index, and physical activity.
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Table 5
Logistic regression describing relation of elevated insulin (>12.2 mU/mL) to
vitamin D and alcohol consumption*

Vitamin D 20 ng/mL
Non-drinker
Moderate drinker
Vitamin D >20–32 ng/mL
Non-drinker
Moderate drinker
Vitamin D >32 ng/mL
Non-drinker
Moderate drinker

Odds Ratio

95% CI

2.44
2.44

1.15–5.19
1.43–4.14

1.99
1.21

1.02–3.90
0.71–2.07

1.37
1.00

0.71–2.64
—

CI, confidence interval
* Adjusted for age, gender, race/ethnicity, smoking status, body mass index, and physical activity.

the nationally representative NHANES III [18]. In addition,
one study showed that diabetics given muscadine grape
wine compared with those given muscadine juice had better
glycemic control after 28 days [28].
Interestingly, studies on the effects of vitamin D supplementation (with calcium) on blood glucose and development
of diabetes have not shown as favorable results [29,30]. It is
low serum vitamin D levels and not vitamin D supplementation that has been linked to various outcomes including
higher mortality [31]. For this reason we chose to focus on
serum vitamin D levels.
One possible explanations for the findings observed in this
study is that, in the deficient range of serum vitamin D, b-cell
dysfunction and decrease in insulin sensitivity are profound
enough that the beneficial effects of alcohol on insulin profiles are biochemically overwhelmed. Conversely, in the context of normal vitamin D levels, no further effect of alcohol
may be seen because insulin sensitivity is maximized. Only
the intermediate state, when vitamin D is insufficient but still
present, are the b-cells and insulin sensitivity machinery in
a ‘‘vulnerable’’ condition to be stimulated by moderate alcohol consumption. Evidence from animal studies point in this
direction, demonstrating that vitamin D deficiency impairs
insulin secretion [32,33]. Further, in vivo animal studies
have shown improved glucose clearance and insulin secretion with restored vitamin D levels [34,35] and improved
conversion of proinsulin to insulin [36].
Limitations include the cross-sectional design of the
study, which only allows for establishment of associations.
Further studies will need to be performed longitudinally to
establish if alcohol can slow or prevent the development of
IR in those with vitamin D insufficiency. Alcohol consumption was measured by self-report. However, this is the
method necessarily used in most studies of alcohol use.
The alcohol cutoff levels used in this study are based on recommended daily intake amounts for men and women. Vitamin D levels are not fully established, and there is no
consensus on the level of serum vitamin D that denotes insufficiency or deficiency. We used cutoff levels of vitamin
D that have been commonly used in other studies [24,25].

104

M. S. Player et al. / Nutrition 26 (2010) 100–105

It has been shown from the NHANES III cohort that serum
vitamin D levels vary depending on time of year measured
[37]. Within the publicly available dataset used for this study
(2001–2004), information regarding time of year and latitude
was not available from the data. Overall, we feel this would
not change our finding that non-drinkers with insufficient
vitamin D levels have higher odds of IR. We acknowledge
that we did not use the gold standard euglycemic clamp
method for determining IR. This is a time-consuming and
invasive test and is not routinely performed in the NHANES
examinations. Fasting insulin and HOMA-IR as markers of
IR correlate well with the clamp method [21,23]. Variability
may exist between these measurements and the gold standard, but we found similar results using three different
measurements of IR and thus feel confident in our findings.
Conclusion
Moderate alcohol moderates the association between
vitamin D and insulin sensitivity when individuals are vitamin D insufficient, but not when vitamin D levels are normal
or deficient. Future prospective studies will be able to confirm the association and provide insight into the complex
interaction between vitamin D and insulin sensitivity.
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