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Abstract

Background: Diabetes mellitus (DM) is one of the most common 
diseases afflicting the United States (U.S.) population. Vitamin C 
(Ascorbic acid) is considered to be one of the most potent anti-
oxidants present in the body. Thus, we present the results of our 
epidemiologic analysis of whether Vitamin C ingestion is related to 
the development of diabetes mellitus.

Methods: For the purpose of our study, we examined National 
Health and Nutrition Examination Survey (NHANES) data collect-
ed between 2005 and 2006. Of 10,348 participants who had data 
collected during this two-year period, 4979 did not meet any exclu-
sion criteria, and were included in our data analysis. We performed 
a multivariate logistic regression to find out whether plasma levels 
of vitamin C were correlated with the development of diabetes.

Results: The unadjusted odds ratios of having diabetes in the four 
quartiles of Vitamin C starting from lowest to highest were 1, 0.87 
(95% CI of 0.67 - 1.13), 0.62 (95% CI of 0.50 - 0.78) and 0.45 (95% 
CI of 0.359 - 0.557), respectively. When the analysis was adjusted 
for risk factors the  odds ratios still showed a dose-response relation 
with  odds ratios of 1, 0.79 (95% CI of 0.6-1.04), 0.58 (95% CI of 
0.45-0.76) and 0.53 (95% CI of 0.43-0.63), respectively.

Conclusions: Our study supports the hypothesis that higher plasma 
levels of Vitamin C levels are protective against the development 
of Diabetes Mellitus. Given the limitations of our study, a prospec-
tive, randomized study looking at Vitamin C ingestion to reach pre-
defined serum levels is warranted to further investigate the neces-
sary logistics of Vitamin C use in the prevention of chronic diseases 
such as diabetes.
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Introduction

Diabetes mellitus (DM) is one of the most common diseases 
afflicting the United States (U.S.) population. The American 
Diabetes Association estimates that 8% of the U.S. popula-
tion has been diagnosed with this disease [1]. Furthermore, 
an additional 20-26% of the population has so-called “pre-
diabetes”, defined as hyperglycemia that does not reach dia-
betic levels [2]. Thus, approximately one-third of the U.S. 
population suffers from a syndrome or disease related to 
elevated serum glucose levels. In light of this growing epi-
demic, increasing focus is being placed on primary and sec-
ondary prevention of diabetes mellitus.  

With disease prevention in mind, one area that is re-
ceiving increased attention is nutrition management for the 
prevention of chronic disease. Vitamin C (Ascorbic acid) is 
considered to be one of the most potent anti-oxidants present 
in the body. Studies have shown that Vitamin C has protec-
tive effects against stroke, hypertension, coronary heart dis-
ease and peripheral vascular disease [3-6]. The mechanism 
by which Vitamin C exerts this protective effect is its urico-
suric properties.  Since uric acid, a metabolic waste product 
of the high-fructose, Western diet, is thought to be linked to 
oxidative damage and felt to be a proximate cause of such 
conditions as hypertension and diabetes mellitus, the uric 
acid clearing effects of Vitamin C are believed to prevent 
these chronic illnesses [7-9]. To date, research investigat-
ing whether increasing one’s Vitamin C ingestion results in 
a lower risk of diabetes mellitus is scant.  Thus, we present 
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the results of our epidemiologic analysis of whether Vitamin 
C levels are related to the development of diabetes mellitus.

Materials and Methods

The National Health and Nutrition Examination Survey 
(NHANES) is a continuous nation-wide research initiative 
performed on a representative sample of the U.S. population, 
and is jointly administered by the National Center for Health 
Statistics and the Centers for Disease Control and Prevention 
(CDC). This sample is chosen using a stratified, multistage 
probability cluster sampling design of the non-institutional-
ized, non-military U.S. population [10]. Components of this 
survey include questionnaires regarding study subject demo-
graphics, health status, in conjunction with performance of 
general medical examinations; and collection of body fluids 
for laboratory testing. The physical examination component 
of NHANES consists of performance of medical and dental 
exams, and collection anthropometrical measurements by 
trained personnel [10].

For the purpose of our study, we examined NHANES 
data collected in 2005 and 2006. Exclusion criteria in our 
protocol removed all data for NHANES participants who 
were younger than twenty years or who had missing data 
values. Of 10,348 participants who had data collected during 
this two-year period, 4979 did not meet any exclusion crite-
ria, and were included in our data analysis [11]. We divided 
the Vitamin C levels into quartiles to ensure good distribu-
tion, and for the purpose of dose-effect comparison.   

Laboratory methods

Vitamin C levels in the plasma were measured using isocrat-
ic High Performance Liquid Chromatography (HPLC). This 
utilizes the reaction between trisodium phosphate, dithioth-
reitol and an internal standard, with the supernatant formed 
by adding serum plasma to metaphosphoric acid. This solu-
tion is filtered and the filtrate is adjusted to a PH of 3.00 ± 
0.03 with various chemicals. Uric acid levels were measured 
using the LX20 analyser, which utilizes the reaction between 
uric acid and urecase to produce allantoin and hydrogen per-
oxide. The hydrogen peroxide produced by the previously-
referenced reaction is combined with reagents to produce a 
compound whose intensity in color is proportional to the uric 
acid level. Fasting glucose measure measurements were per-
formed using a Roche/Hitachi 911 instrument (Roche Diag-
nostics, Indianapolis, IN), on early morning serum alloquots, 
collected from study participants who had been observing a 
nine-hour fast [10, 11].  

Case definition 

The case definition of diabetes mellitus consisted of a fast-

ing blood sugar value of ≥ 126 mg/dL (7.0 mmol/L), along 
with affirmative participant responses to any of the following 
questions: 1) “Other than during pregnancy, have you ever 
been told by a doctor or other health professional that you 
have diabetes or sugar diabetes?”; 2) “Are you taking insulin 
now?”; 3) “Are you taking any pills to decrease your blood 
sugar?”

Definition of covariables

The NHANES questionnaire section was used for the defini-
tion of age, gender, race, tobacco use pattern, alcohol use, 
highest level of education achieved, and marital status. Hy-
pertension was defined as a mean systolic blood pressure at 
or above 140 mmHg, a mean diastolic blood pressure at or 
above 90 mmHg, or reporting a physician diagnosis of high 
blood pressure. Waist circumference below 88 cm in females 
and 102 cm in males, triglyceride levels below 150 mg/dL 
and uric acid levels below 7.8 mg/dL were taken as the refer-
ence levels. Body mass index (BMI) was categorized into 
the follow three groups based on CDC guidelines: normal, 
overweight, and obese [11].  

Statistical analysis

In order to account for the complex, stratified, multi-
stage probability cluster sampling design employed in the 
NHANES survey, we analyzed this data using SAS version 
9.1’s (Cary, North Carolina) Proc Survey methodology [11]. 
Variance was estimated using the jackknife replacement 
method. Age-adjusted prevalence estimates were calculated 
and stratified by demographics and risk factors (Table 1). 
Furthermore, we used proc survey logistic regression to cre-
ate a risk-factor based model, and calculated odds ratios with 
95% confidence Intervals. These models were specifically 
adjusted for age, gender, race, tobacco use, ingestion of al-
cohol, educational level, hypertension, waist circumference, 
uric acid levels, triglyceride levels, BMI, and marital status.

 
Results

The Vitamin C levels in our study population were normally 
distributed with a right-sided tail (Fig. 1), with a mean Vi-
tamin C level of 69 mmol/L. The unadjusted odds ratios of 
having diabetes in the four quartiles starting from lowest to 
highest were 1, 0.87 (95% CI of 0.67 -1.13), 0.62 (95% CI of 
0.50 - 0.78) and 0.45 (95% CI of 0.359 - 0.557), respective-
ly. When the analysis was adjusted for age, gender, race, to-
bacco use, alcohol ingestion, education, hypertension, waist 
circumference, uric acid level, triglyceride levels, BMI and 
marital status, the odds ratios  still showed a dose-response 
relationship with adjusted odds ratios of 1, 0.79(95% CI of 
0.6-1.04), 0.58(95% CI of 0.45-0.76) and 0.53 (95% CI of 
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Covariables
1st Quartile
Percentage 
(standard error)

2nd Quartile
Percentage 
(standard error)

3rd Quartile
Percentage 
(standard error)

4th Quartile
Percentage 
(standard error)

Age 20 - 40yrs 28.30 (2.25) 19.45  (0.89) 24.63 (1.57) 27.62 (1.82)
Age 40 - 60 yrs 31.33  (2.07) 17.28  (0.94) 22.99  (1.62) 28.41  (1.43)
Age > 60 yrs 24.31  (1.48) 11.80  (1.07) 18.45  (1.37) 45.45  (1.32)
Non Black 28.66  (1.59) 16.17  (0.62) 22.30  (1.29) 32.87  (1.14)
Black 27.86  (2.10) 22.00  (2.01) 24.59  (1.31) 25.54  (1.93)
Male 32.15  (1.74) 19.29  (1.25) 22.74  (1.10) 25.83  (1.22)
Female 25.24  (1.49) 14.58  (1.00) 22.41  (1.48) 37.77 (1.63)
Less than high school 35.34  (2.11) 18.55  (1.16) 20.53  (1.61) 25.58 (1.47)
Greater than high school 27.09  (1.35) 16.47  (0.78) 23.01  (1.21) 33.43 (1.16)
Unmarried 30.84  (1.48) 18.52  (1.02) 23.09  (1.40) 27.55 (0.92)
Married 26.88  (1.86) 15.61  (0.65) 22.18  (1.36) 35.33 (1.33)
Income Level Low 32.49  (1.86) 16.51  (1.09) 22.22  (1.56) 28.78 (1.00)
Income Level Medium 28.96  (2.13) 18.42  (0.82) 22.05  (1.75) 30.56 (2.17)
Income Level High 25.59  (1.74) 15.87  (1.05) 23.42  (1.23) 35.12 (1.54)
No Alcohol 29.78  (1.78) 17.63  (0.72) 22.89  (1.34) 29.70 (1.11)
Moderate or (vere Alcohol) 24.36  (1.55) 14.13  (1.09) 21.43  (1.14) 40.08 (1.58)
BMI  Normal 25.64  (2.18) 13.89  (0.98) 19.70  (1.90) 40.77 (1.54)
BMI Overweight 25.49  (1.15) 16.55  (1.35) 24.35  (1.49) 33.71 (1.49)
BMI Obese 34.45  (1.82) 20.10  (1.01) 23.84  (1.26) 21.62 (1.08)
No Hypertension 28.27  (1.61) 16.67  (0.67) 22.96  (1.18) 32.10 (1.20)
Hypertension 30.07  (1.62) 17.73  (1.53) 20.57  (1.84) 31.63 (1.52)
No Diabetes 27.66  (1.52) 16.72  (0.58) 22.93  (1.19) 32.66 (1.15)
Diabetes 37.30  (1.24) 17.73  (1.78) 19.01  (1.66) 25.96 (2.09)

Waist Circumference
Less than 88 cm in females or 102 
cm in males

26.82  (1.75) 15.89  (0.87) 32.29  (1.23) 35.00 (1.50)

Waist Circumference
greater than or equal to 88 cm in 
females or 102 cm in males

30.29  (1.36) 17.79  (1.01) 22.84  (1.41) 29.08 (0.94)

Triglycerides
Less than 150 mg/dL 28.41  (2.03) 15.74  (1.02) 21.71  (1.33) 34.14 (1.23)

Triglycerides
Greater than or equal to 150 mg/
dL

28.86  (1.73) 18.92  (1.00) 24.19  (1.57) 28.04 (1.24)

Uric acid
Less than 7.8 mg/dL 28.41  (2.03) 15.74  (1.02) 21.71  (1.33) 34.14 (1.23)

Uric acid
Greater than 7.8 mg/dL 34.27  (3.41) 21.22  (2.82) 27.09  (2.05) 17.42 (3.05)

Table 1. Demographic Characteristics of All Four Quartiles of Plasma Vitamin C Levels
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0.43-0.63), respectively (Fig. 1). 
To confirm this association, we divided Vitamin C lev-

els into 2 groups around a cut-off value of 66 mmol/L. This 
stratification value has been shown to be appropriate based 
on prior studies [19]. The adjusted odds ratio in the group 
with higher serum Vitamin C levels was found to be 0.70 
(0.55 to 0.90), with respect to the comparison group (Fig. 2).

Discussion
  
Our study supports the hypothesis that higher plasma Vita-
min C levels are protective against the development of Dia-
betes Mellitus. This finding extends the results of previous 
studies, which have shown a protective effect of Vitamin C 

with regard to stroke, hypertension, coronary artery disease 
and peripheral vascular disease [3-6]. 

In reviewing the pathophysiological rationale for Vita-
min C’s healthful properties, one quickly comes to realize 
that the saga of Vitamin C as a medicinal agent is very old, 
dating back its discovery prophylactic agent against Scurvy 
[12]. From that time forward, investigation into its vari-
ous benefits has led to the discovery of its wound healing, 
tissue repair, and anti-oxidative properties [13, 14].  With 
specific respect to its anti-oxidative properties, Vitamin C 
helps to prevent endothelial derangement and initiation of 
inflammatory responses throughout the body. In discussing 
mechanisms by which it prevents cardiovascular disease, it 
has also been conjectured that Vitamin C degrades oxidized 
low density lipoproteins (LDL), thus limiting atherosclerosis 

Figure 1. Adjusted odds ratios for having diabetes mellitus with respect to plasma vitamin C con-
centration.  X Axis: Vitamin C levels in mmol/L; Y Axis: Odds Ratio.

Figure 2. The adjusted odds ratios of having diabetes in two groups  based on plasma Vitamin C 
levels. X Axis: Vitamin C levels in mmol/L; Y Axis: Odds Ratio.

68                                                                                                                                                                                                                                                                                                                                                                                                                                                69



J Endocrinol Metab  •  2012;2(2):66-71   Relationship Between DM and Vc

Articles © The authors   |   Journal compilation ©  J Endocrinol Metab and Elmer Press™   |   www.jofem.org

at the vascular level [15]. It is interesting to note that, accord-
ing to Hample et al, 14% of males and 10% of females in the 
U.S. are vitamin C deficient [16]. This finding is all the more 
curious since Vitamin C is soluble, and as such can result in 
limited harm from over- supplementation; increased propen-
sity to kidney stones being the most notable complication.

For this study, we estimated the risk of DM with respect 
to Vitamin C, by dividing the Vitamin C levels into quartiles. 
This methodology was employed due to the small number 
of participants who were identified with DM, in comparison 
to the total study population. It should be noted that this ap-
proach has been validated by further stratifying Vitamin C 
levels around a cut point of 66 µg/L, and finding a similar 
association with respect to DM risk. This second investiga-
tional strategy is consistent with a methodology utilized in a 
prior study [17]. 

In elucidating the inverse association between Vitamin 
C and DM, it has been conjectured that Vitamin C decreases 
oxidative stress associated with the development of both 
DM1 and DM2 [18-21]. Furthermore, studies have shown 
that plasma ascorbic acid levels have an inverse correlation 
with measured levels of oxidative lymphocytic DNA, which 
has been conjectured to play a role in the pathogenesis of 
type 2 diabetes mellitus [22]. In addition, the uricosuric ef-
fects of Vitamin C likely play a role in its disease-preventa-
tive properties [23]. This assertion is based on contemporary 
literature which shows a positive correlation between serum 
uric acid levels and development of Diabetes and Stroke [24, 
25]. 

The results of our study are supported by a small body 
of literature [25]. However, our study is unique in that we 
investigated serum Vitamin C levels, not Vitamin C inges-
tion. Thus, gastrointestinal and urinary losses were taken 
into consideration in our study. As a result, our findings al-
low for a more direct association between vitamin C intake 
and diabetes risk. 

One of the many strengths to our study is its large sam-
ple size and the ability to generalize our conclusions to the 
entire U.S. population. We also assessed an extensive array 
of confounding variables, and have appropriately accounted 
for them. However, the cross sectional design of this study 
prevents it from predicting the development of diabetes in 
subjects with low Vitamin C levels. Also, since study par-
ticipants were asked to personally fill out questionnaires, 
misclassification bias may have been introduced into this 
study.  Furthermore, since the NHANES questionnaires did 
not distinguish between forms of diabetes mellitus, we can-
not answer the question of whether the beneficial effects of 
Vitamin C ingestion translate into lower risk of DM1, DM2, 
or both. In conclusion, our study suggests that serum Vita-
min C levels are inversely correlated with risk of diabetes 
mellitus. Given the limitations of our study, a prospective, 
randomized study looking at Vitamin C ingestion to reach 
predefined serum levels is warranted to further investigate 

the necessary logistics of Vitamin C use in the prevention of 
chronic diseases such as diabetes.
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