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Background: We explored the relationship between major electrocardiogram (ECG) abnormalities (mECG)
and 25-hydroxy (25-OH) vitamin D deﬁciency (VDD) and the effect of mECG abnormalities on all-cause and
cardiovascular mortality in a healthy cohort with 25-OH vitamin D insufﬁciency and deﬁciency.
Hypothesis: Lower levels of serum 25-OH vitamin D are associated with increased prevalence of mECG on
resting ECG.
Methods: We identiﬁed 5108 individuals from the National Health and Nutrition Examination Survey-III.
mECG abnormalities included: major Q-QS wave abnormalities, ST depression/elevation, negative T waves,
Wolff-Parkinson-White pattern, and ventricular conduction defect. Our cohort was divided into 3 groups based
on 25-OH vitamin D levels: Group 1 (referent): >40 ng/mL; group 2 (insufﬁcient): ≥20.01 to ≤40 ng/mL; and
group 3 (deﬁcient): ≤20 ng/mL. Logistic regression and Cox proportional hazards regression models were
built.
Results: The prevalence of major ECG abnormalities across 25-OH vitamin D sufﬁciency, insufﬁciency, and
deﬁciency was 5.9%, 11%, and 13 %, respectively (P = 0.01). VDD was an independent predictor of mECG
abnormalities after adjusting for traditional risk factors (continuous variable odds ratio [OR]: 0.98, 95%
conﬁdence interval [CI]: 0.97-0.99, P = 0.007; categorical variable group 3 vs group 1 OR: 2.36, 95% CI:
1.1-5.12, P = 0.03). Baseline major ECG abnormalities were predictive of long-term all-cause (hazard ratio
[HR]:1.52, 95% CI: 1.23-1.89), composite cardiovascular (HR: 1.7, 95% CI: 1.34-2.15), cardiovascular (HR: 1.64,
95% CI: 1.27-2.12), and ischemic heart disease mortality (HR: 1.98, 95% CI: 1.46-2.69) in individuals with 25-OH
vitamin D levels ≤40 ng/mL.
Conclusions: VDD is associated with increased prevalence of major ECG abnormalities. Well-structured trials
are needed to assess progression/resolution of mECG abnormalities with vitamin D supplementation in
deﬁcient individuals.

Introduction
The overall prevalence of vitamin D deficiency in the United
States is 41.6% and highest among African Americans
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(82.1%).1 Vitamin D deficiency has been associated with a
spectrum of disorders such as diabetes,2 dysmetabolism,
dyslipidemia,3 hypertension,4 atherosclerosis,5 endothelial
dysfunction, peripheral vascular disease,6 congestive heart
failure,7 myocardial infarction,8 stroke,9 left ventricular
hypertrophy,10 and cardiovascular disease.11,12 There is
insufficient evidence to warrant supplementing vitamin D
to prevent cardiovascular disease.13
Major and minor electrocardiogram (ECG) abnormalities have been demonstrated to be strong independent
predictors of cardiovascular events and mortality.14,15
Recently, it has been demonstrated that the addition of ECG
abnormalities to the Framingham Risk Score resulted in an
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overall clinical net reclassification of 3.6% in the National
Health and Nutrition Examination Survey-III (NHANES-III)
cohort16 and 7.4% in an elderly cohort.14
Studies exploring the association of vitamin D with various
ECG abnormalities are scarce.10,17
To the best of our knowledge, the association between
vitamin D levels and major ECG abnormalities has not
been studied. The present study sought to assess the
independent relationship between the 25-hydroxy (25-OH)
vitamin D and major ECG abnormalities, and the effect of
major ECG abnormalities in individuals with 25-OH vitamin
D insufficiency and deficiency on long-term cardiovascular
and all-cause mortality in a healthy cohort.

Methods
Study Cohort
We queried the National Health and Nutrition Examination
Survey-III (NHANES-III) database, an observational study of
nationally representative individuals between years 1988 and
1994. Our study sample was selected from 8561 individuals
over age 40 years who underwent a resting baseline
12-lead ECG. In order to ensure a disease-free cohort,
we excluded diabetics (self-reported use of insulin/oral
hypoglycemic agents or hemoglobin A1c ≥ 6.5%) (n = 935);
individuals with self-reported leg pain as per the Edinburgh
claudication questionnaire18 suggestive of intermittent
claudication (n = 53); subjects with self-reported angina
(n = 239); and those with a past history of congestive heart
failure (n = 198), myocardial infarction (n = 192), and stroke
(n = 135). We also excluded individuals with a heart rate
more than 100 bpm (n = 68) and subjects with missing data.
Our final cohort consisted of 5108 healthy individuals, with
a median follow-up of 13.2 years and representative of 57
million people in the United States.
Vitamin D Deﬁciency
25-OH vitamin D was measured in the NHANES-III as
a part of the nutrition biomarker component using the
DiaSorin radioimmunoassay kit (DiaSorin, Stillwater, MN)
at the National Center for Environmental Health (Centers
for Disease Control and Prevention) in Atlanta, Georgia.
The DiaSorin assay kit was reformulated in 1998. To assess
the magnitude of change of the reformulated assay on
the originally measured 25-OH vitamin D in NHANESIII, 150 samples representative of the entire NHANES-III
population were remeasured using the reformulated assay,
and the results were regressed using the following equation:
reformulated 25-OH vitamin D = 0.8429 * original 25-OH
vitamin D + 2.5762 (nmol/L).19
The cutoff value used to define vitamin D deficiency
has been subject to debate. We defined 25-OH vitamin
D deficiency and insufficiency as levels ≤20 ng/mL and
20-40 ng/mL, respectively, as parathyroid hormone levels
reach its nadir at 25-OH vitamin D levels of 30 to 40 ng/mL.20
25-OH vitamin D levels >40 ng/mL were considered
sufficient.21
Major ECG Abnormalities
Subjects over the age of 40 years underwent a resting 12-lead
ECG using the Marquette MAC 12 (GE Healthcare, Little
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Chalfont, United Kingdom). The ECGs were interpreted by
the Novacode ECG program and were classified as per the
Minnesota Coding System. The details have been discussed
elsewhere.22 Major ECG abnormalities include major Q and
QS waves, ST-segment depression/elevation, T-wave inversion, and ventricular conduction defects (see Supporting
Information, Table 1, in the online version of this article).
Individuals without aforementioned abnormalities on ECG
and those with minor ECG abnormalities were considered
to have no major ECG abnormalities. Individuals with atrial
flutter, atrial fibrillation, supraventricular tachycardia, and
pacemakers were excluded from the study.
Statistical Analysis
NHANES-III has a complex multistage stratified sample
design.23 Designated weighting specified in the NHANESIII dataset were used to perform statistical analysis
to minimize biases. We used the total NHANES-III
pseudostratum as our strata variable, the total NHANESIII pseudo-primary sampling units as our survey sampling
units, and the total mobile exam center final weight as our
sampling unit weight.24
We used the χ2 test for categorical variables and
adjusted Wald’s test for continuous variables to examine
differences in baseline characteristics across 3 groups of 25OH vitamin D levels: group 1 (referent), >40 ng/m:, group 2,
20–40 ng/mL; and group 3, ≤20 ng/mL. Stepwise univariate
and multivariate logistic regression models were built. 25OH vitamin D values (independent variable) were examined
as both categorical and continuous values. Model 1 was
adjusted for age, race and sex. Model 2 was further adjusted
for cigarette smoking, systolic blood pressure, family history
of premature myocardial infarction in relatives <50 years
old, and ratio of total cholesterol to high-density lipoprotein
cholesterol in addition to covariates in model 1. Model 3 was
adjusted for the following covariates, in addition to those
mentioned in models 1 and 2: estimated glomerular filtration
rate calculated as per the Modification of Diet in renal
Disease Formula,25 body mass index, C-reactive protein,
and left ventricular hypertrophy (LVH). We performed a
subgroup analysis of individuals without LVH (n = 4253),
as 25-OH vitamin D deficiency has been associated with
LVH.10 LVH was defined using the Novacode measured
left ventricular mass index of >115 grams/m2 and
>130grams/m2 in females and males, respectively.26
We further characterized the utility of major ECG abnormalities in predicting long-term all-cause, composite cardiovascular (International Classification of Diseases, 10th
Edition [ICD-10] codes I00-I99) (any cardiovascular cause),
cardiovascular (ICD-10 codes I20-I25, I60-I69, I70)
(ischemic heart disease, atherosclerosis, and cerebrovascular causes), and ischemic heart disease mortality (ICD-10
codes I20-I25) in 25-OH vitamin D sufficient and in the
pooled insufficient and deficient groups. The end point for
our cohort was ascertained using the NHANES-III linked
mortality file using ICD-10 codes (up to December 31,
2006).27 Kaplan-Meier survival curves were generated for
univariate analysis. Step-wise univariate and multivariate
Cox-proportional hazards regression models were built to
estimate hazards ratio for the aforementioned end points.

Table 1. Baseline Characteristics Across 25-OH Vitamin D Level Categories

No. (%)

Vitamin D Deﬁciency,
Range: 3.98–20 ng/mL,
Mean ± SD: 15.04 ± 3.41

Vitamin D Insufﬁciency,
Range: 20.01–40 ng/mL,
Mean ± SD: 27.32 ± 5

Vitamin D Sufﬁciency,
Range: 40.01–70.49 ng/mL,
Mean ± SD: 45.83 ± 5.39

229 (4.48%)

2750 (53.84%)

2129 (41.68%)

55.65 ± 14.6

55.16 ± 11.22

53.53 ± 9.94

P Value

Demographics
Age, y
Ethnic group

0.1
<0.001

Caucasian, %

76.91

94.17

96.4

African American, %

17.71

3.82

1.51

33.92

51.02

55.1

<0.001

27.96 ± 7.36

26.58 ± 4.32

25.9 ± 3.6

<0.001

Smoker, %

26.9

23.3

24.8

0.23

Family history of MI at <50 years old, %

15.7

14.3

16.9

0.52

35

29.4

26.6

0.009

Systolic blood pressure, mm of Hg

128.6 ± 21.2

126.9 ± 16.4

126.4 ± 13.3

0.06

Diastolic blood pressure, mm of Hg

76.4 ± 11.2

76.1 ± 8.8

76.9 ± 7.2

0.42

Hypercholesterolemia, %

57.7

54.7

57.2

0.5

Total cholesterol, mg/dL

216.2 ± 49.2

215.8 ± 37.1

214.8 ± 33.8

0. 9

HDL cholesterol, mg/dL

52.8 ± 18.8

51 ± 14.5

52.4 ± 13.8

0.02

Phosphorus, mg/dL

3.47 ± .058

3.39 ± 0.44

3.39 ± 0.36

<0.001

Normalized calcium, mmol/L

1.23 ± 0.06

1.24 ± 0.04

1.24 ± 0.03

<0.001

Potassium, mmol/L

4.05 ± 0.38

4.07 ± 0.29

4.06 ± 0.25

0.24

Creatinine, mg/dL

0.84 ± 0.3

0.86 ± 0.17

0.89 ± 0.16

0.001

92.07 ± 25.75

89.61 ± 17.08

87.16 ± 13.8

0.002

C-reactive protein, mg/dL

0.43 ± 0.73

0.37 ± 0.44

0.48 ± 0.61

0.02

Homocysteine, μmol/L

10.75 ± 8.88

9.6 ± 3.51

10.17 ± 3.3

0.007

Major ECG abnormalities, %

13.01

11

5.86

0.01

Minor ECG abnormalities, %

19.49

16.74

20.24

0.2

LVH, %

14.89

12.85

11.63

0.3

Males, %
Anthropometry
BMI, kg/m2
Comorbidities

Hypertension , %

Chemistry

eGFR, mL/min/1.73 m2

ECG abnormalities

Abbreviations: 25-OH, 25-hydroxy; BMI, body mass index; ECG, electrocardiograph; eGFR, estimated glomerular ﬁltration rate; HDL, high-density
lipoprotein; LVH, left ventricular hypertrophy; MI, myocardial infarction; SD, standard deviation.

Models were adjusted for age, sex, race, cigarette smoking,
systolic blood pressure, family history of premature
myocardial infarction in relatives <50 years old, ratio of
total cholesterol to high-density lipoprotein cholesterol,
estimated glomerular filtration rate calculated as per the
Modification of Diet in renal Disease Formula,25 body mass
index, C-reactive protein, and serum phosphorus.

All covariates and 25-OH vitamin D were visually and statistically examined for their distribution around the mean
and were appropriately log-transformed to minimize the
influence of outlier values and maintain normal distribution.
Covariates age, systolic blood pressure, ratio of total cholesterol to high-density lipoprotein cholesterol, and body mass
index were log-transformed to achieve normal distribution.
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Table 2. Univariate and Multivariate Odds Ratios for Major Electrogram
Abnormalities as Predicted by Serum 25-OH Vitamin D Levels in the Entire
Cohort

Table 3. Univariate and Multivariate Odds Ratios For Major Electrocardiogram Abnormalities as Predicted by Serum 25-OH Vitamin D Levels in
Subjects Without Left Ventricular Hypertrophy

Odds 95% Conﬁdence
Ratio
Interval
P Value
Continuous variable

Odds
Ratio

95% Conﬁdence
Interval

P Value

Continuous variable

Model 1

0.98

0.97-0.99

0.007

Model 1

0.98

0.96-0.99

0.005

Model 2

0.98

0.97-0.99

0.01

Model 2

0.98

0.96-0.99

0.007

Model 3

0.98

0.97-0.99

0.007

Model 3

0.98

0.96-0.99

0.004

Categorical variable
Model 1

Model 2

Model 3

Categorical variable
Group 1

Referent

Model 1

Referent

Group 2 vs
group 1

1.97

1.09-3.55

0.03

Group 2 vs
group 1

2.25

0.88-5.74

0.09

Group 3 vs
group 1

2.63

1.41-4.92

0.003

Group 3 vs
group 1

2.91

1.05-8.06

0.04

Group 1

Referent

Model 2

Group 1

Referent

Group 2 vs
group 1

1.94

1.06-3.56

0.03

Group 2 vs
group 1

2.29

0.9-5.79

0.08

Group 3 vs
group 1

2.29

1.2-4.36

0.01

Group 3 vs
group 1

2.84

1.02-7.87

0.04

Group 1

Referent

Model 3

Group 1

Referent

Group 2 vs
group 1

2.07

0.98-4.37

0.06

Group 2 vs
group 1

2.36

0.94-5.9

0.07

Group 3 vs
group 1

2.36

1.1-5.12

0.03

Group 3 vs
group 1

2.97

1.1-8.08

0.03

Abbreviations: 25-OH, 25-hydroxy.
Model 1 was adjusted for age, sex, race/ethnicity. Model 2 was adjusted
for traditional cardiovascular risk factors cigarette smoking, systolic
blood pressure, family history of premature myocardial infarction
<50 years of age, and ratio of total cholesterol to high-density
lipoprotein cholesterol in addition to Model 1. Model 3 was adjusted
for estimated glomerular ﬁltration rate, body mass index, serum
phosphorus, C-reactive protein, and left ventricular hypertrophy in
addition to Model 2. Age, systolic blood pressure, ratio of total
cholesterol to high-density lipoprotein cholesterol, and body mass
index was log-transformed to achieve normal distribution. Group 1:
Referent, vitamin D >40 ng/mL. Group 2: vitamin D 20.01–40 ng/mL.
Group 3: vitamin D ≤20 ng/mL.

A P value of <0.05 was considered significant. Stata SE 11.1
(StataCorp LP, College Station, TX) was used for performing
the statistical analysis.

Results
The average age of our study cohort was 58.4 years,
54.01% were females, and 88.97% belonged to Caucasian
ethnicity. The prevalence of 25-OH vitamin D insufficiency
and deficiency in our study population was 53.8% and
4.5%, respectively. In the 25-OH vitamin D deficient group,
there were a significantly (P < 0.05) higher proportion of
individuals of African American ethnicity, female sex, higher
body mass index, and hypertension (Table 1).
The prevalence of major ECG abnormalities across 25OH vitamin D sufficiency, insufficiency, and deficiency was
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Abbreviations: 25-OH, 25-hydroxy.
Model 1 was adjusted for age, sex, race/ethnicity. Model 2 was adjusted
for traditional cardiovascular risk factors cigarette smoking, systolic
blood pressure, family history of premature myocardial infarction
<50 years of age, and ratio of total cholesterol to high-density
lipoprotein cholesterol in addition to Model 1. Model 3 was adjusted
for estimated glomerular ﬁltration rate, body mass index, serum
phosphorus, C-reactive protein, and left ventricular hypertrophy in
addition to Model 2. Age, systolic blood pressure, ratio of total
cholesterol to high-density lipoprotein cholesterol, and body mass index
were log-transformed to achieve normal distribution. Group 1: Referent,
vitamin D >40 ng/mL. Group 2: vitamin D 20.01–40 ng/mL. Group
3: vitamin D ≤20 ng/mL. This analysis was conducted on individuals
without left ventricular hypertrophy (n = 4253).

5.86%, 11%, and 13.01%, respectively (P = 0.01). Serum 25OH vitamin D levels were a significant predictor of major
ECG abnormalities after adjusting for possible confounders
in the entire study data (continuous variable odds ratio
[OR]: 0.98, 95% confidence interval [CI]: 0.97-0.99, P = 0.007;
categorical variable OR: 2.36, 95% CI: 1.1-5.12, P = 0.03) and
in individuals without LVH (continuous variable OR: 0.98,
95% CI: 0.96-0.99, P = 0.004; categorical variable OR: 2.97,
95% CI: 1.1-8.08, P = 0.03) (Table 2 and Table 3).
Our cohort had a mean follow-up period of 13.2 years,
and there was a total of 1410 (28.9%) deaths in individuals
with 25-OH vitamin D levels ≤40 ng/mL, of which 569
(11.7%) were due to composite cardiovascular mortality, 403
(8.3%) were due to cardiovascular mortality, and 301 (6.2%)
were due to ischemic heart disease mortality. All-cause

Table 4. Major Electrocardiogram Abnormalities and Mortality Across 25OH Vitamin D Groups
Vitamin D Insufﬁciency
and Deﬁciency
Hazard
Ratio

Vitamin D
Sufﬁciency

95% Conﬁdence
Interval

Hazard
Ratio

95% Conﬁdence
Interval

All-cause mortality
Model A

2.57a

2.01-3.29

2.85a

1.19-6.56

Model B

1.53a

1.24-1.89

1.16

0.56-2.42

Model C

1.52a

1.23-1.89

0.97

0.39-2.43

Composite cardiovascular mortality (ICD-10 codes I00-I99)
Model A

3.18a

2.4-4.21

4.89a

1.61-14.89

Model B

1.73a

1.37-2.19

1.95

0.72-5.29

Model C

1.7a

1.34-2.15

1.51

0.36-6.29

Cardiovascular mortality (ICD-10 codes I20-I25, I60-I69, I70)
Model A

3.11a

2.31-4.19

4.09

0.97-17.17

Model B

1.67a

1.3-2.16

1.7

0.3-9.67

Model C

1.64a

1.27-2.12

1.74

0.2-15.06

Ischemic heart disease mortality (ICD-10 codes I20-I25)
Model A

3.56a

2.53-5.01

5.95a

1.26-28.22

Model B

2.01a

1.5-2.7

2.59

0.49-13.87

Model C

1.98a

1.46-2.69

2.9

0.42-20.03

Abbreviations: 25-OH, 25-hydroxy; ICD-10, International Classiﬁcation
of Diseases, 10th Edition.
Model A was unadjusted. Model B was adjusted for age, race, sex,
cigarette smoking, systolic blood pressure, family history of premature
myocardial infarction <50 years of age, and ratio of total cholesterol to
high-density lipoprotein cholesterol.
Model C was adjusted for estimated glomerular ﬁltration rate, body mass
index, serum phosphorus, and C-reactive protein in addition to Model
B. Age, systolic blood pressure, ratio of total cholesterol to high-density
lipoprotein cholesterol, and body mass index was log-transformed to
achieve normal distribution.
a
p = value <0.05.

mortality resulted in 329 (47%) deaths in individuals
with major ECG abnormalities vs 1081 (25.9%) in those
without major ECG abnormalities. Similarly, 148 (21.1%)
vs 421 (10.1%), 103 (14.7%) vs 300 (7.2%), and 82 (11.7%)
vs 219 (5.2%) deaths occurred in individuals with and
without major ECG abnormalities secondary to composite
cardiovascular, cardiovascular, and ischemic heart disease
causes, respectively. In individuals with 25-OH vitamin D
levels ≤ 40 ng/mL, major ECG abnormalities were a significant predictor of long-term all-cause (hazard ratio [HR]:
1.52, 95% CI: 1.23-1.89), composite cardiovascular (HR: 1.7,
95% CI: 1.34-2.15), cardiovascular (HR: 1.64, 95% CI: 1.272.12), and ischemic heart disease mortality (HR: 1.98, 95%
CI: 1.46-2.69) (Table 4) (Figure 1). Major ECG abnormalities
did not predict long-term all-cause, cardiovascular, composite cardiovascular, and ischemic heart disease mortality in
individuals with 25-OH vitamin D levels >40 ng/mL.

Discussion
Our data suggest there is an independent association
between low serum 25-OH vitamin D levels and major
ECG abnormalities in a nationally representative healthy
cohort. The presence of major baseline ECG abnormalities
in individuals with 25-OH vitamin D levels ≤40 ng/mL were
independent and statistically significant predictors of longterm, all-cause composite cardiovascular, cardiovascular,
and ischemic heart disease mortality.
To the best of our knowledge, there has not been a
prior study linking low 25-OH vitamin D levels to an
increased prevalence of major ECG abnormalities in a
relatively healthy cohort. A study by Zhang et al examined
the relationship between 25-OH vitamin D and corrected QT
interval and found no association.17 Vitamin D deficiency
has been associated with LVH.10
The exact mechanisms by which 25-OH vitamin D
deficiency would result in an increased prevalence of
major ECG abnormalities remains unknown. The major
ECG abnormalities analyzed in our study were: Q-QS
abnormalities, ST-depression/elevation, negative T waves,
Wolff-Parkinson-White syndrome and ventricular conduction delay. The presence of Q waves on resting baseline
ECG testing is suggestive of ‘‘silent’’ myocardial infarction
in addition to myocarditis, amyloidosis, cardiomyopathy,
pre-excitation syndrome, and LVH.28 The presence of ST
depression is suggestive of acute events like coronary
ischemia, non–ST-segment elevation myocardial infarction,
posterior wall myocardial infarction, and reciprocal changes
or could be indicative of left ventricular hypertrophy and
digoxin intake.29 T-wave abnormalities are a result of acute
events like myocardial ischemia/infarction, pulmonary
embolism, and cerebrovascular injury or assorted conditions such as ventricular overload patterns, digitalis effect,
bundle branch block, and LVH.30 Vitamin D deficiency
has been associated with incident cardiovascular disease in
the Framingham cohort31 and with LVH.10 The association
between vitamin D deficiency and incident cardiovascular
disease was found at a level of <15 ng/mL.31 Our study
findings demonstrate an association with increased prevalence of major ECG abnormalities on resting baseline ECG
at a level of <40 ng/mL. The exact mechanisms linking
ECG abnormalities with 25-OH vitamin D deficiency remain
unclear and should be an area for future research.
Vitamin D is being increasingly recognized as an indicator
of poor health.32 In this context, our findings assume
particular relevance as they were derived from a relatively
healthy disease-free cohort after rigorous exclusion of
individuals with confounding comorbidities.
Limitations
Despite the benefit of a large, nationally representative,
healthy dataset, and strict definitions for covariates and
inclusion criteria, our study has some drawbacks. Technical
issues related to ECG coding did not permit exclusion of
the Wolf-Parkinson-White pattern from other major ECG
abnormalities. No adjustments were made for medication
use and vitamin supplementations, which could modify
the disease process being studied or account for incident
cardiovascular events and the interventions performed
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Figure 1. Kaplan-Meier curves comparing survival in individuals with and without electrocardiogram (ECG) abnormalities (25-hydroxy vitamin D levels
≤40 ng/mL).

(medication regime intensification, lifestyle modification)
during the follow-up period. Our outcome measures were
dependent on diagnoses mentioned on the death certificate.
Although the accuracy of the cause of death could be a
concern, vital status and date of death were accurately
documented and have been used in other epidemiologic
studies.33

4.

Conclusion
Our study suggests an independent, statistically significant
association between 25-OH vitamin D levels and major
ECG abnormalities. We demonstrated that presence of
baseline ECG abnormalities in healthy individuals with
25-OH vitamin D levels ≤40 ng/mL is associated with an
increased risk of long-term cardiovascular mortality.
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