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Abstract

Purpose—To compare 25-hydroxyvitamin D (25OHD) levels in patients with neovascular age-

related macular degeneration (NVAMD) with patients with nonneovascular age-related macular 

degeneration and control patients.

Methods—Medical records of all patients diagnosed with age-related macular degeneration and 

tested for serum 25OHD level at a single medical center were reviewed. Control patients were 

selected from patients diagnosed with pseudophakia but without age-related macular degeneration. 

The lowest 25OHD level available for each patient was recorded.

Results—Two hundred sixteen patients with nonneovascular age-related macular degeneration, 

146 with NVAMD, and 100 non–age-related macular degeneration control patients were included. 

The levels of 25OHD (mean ± SD) were significantly lower in NVAMD patients (26.1 ± 14.4 

ng/mL) versus nonneovascular age-related macular degeneration (31.5 ± 18.2 ng/mL, P = 0.003) 

and control (29.4 ± 10.1 ng/mL, P = 0.049) patients. The prevalence of vitamin D insufficiency 

(<30 ng/mL 25OHD), deficiency (<20 ng/mL), and severe deficiency (<10 ng/mL) were highest in 
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the NVAMD group. The highest quintile of 25OHD was associated with a 0.35 (95% confidence 

interval, 0.18– 0.68) odds ratio for NVAMD.

Conclusion—This is the largest study to compare 25OHD levels in patients with the different 

clinical forms of age-related macular degeneration. Mean 25OHD levels were lower and vitamin 

D deficiency was more prevalent in NVAMD patients. These associations suggest that further 

research is necessary regarding vitamin D deficiency as a potentially modifiable risk factor for the 

development of NVAMD.
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Age-related macular degeneration (AMD) is a leading cause of irreversible blindness in 

elderly patients and prevention remains a critical issue to reduce the burden of the disease. 

Modifiable risk factors for the development and progression of AMD include cigarette 

smoking, hypertension, abdominal obesity, physical activity, and dietary fat intake.1–5 
Supplementation with high-dose antioxidants, and recently macular carotenoids, have been 

proven to reduce the progression from intermediate nonneovascular age-related macular 

degeneration (NNVAMD) to advanced AMD.6,7 Because the pathogenesis of AMD is 

known to be related to inflammation and angiogenesis, factors that influence these processes 

may affect the progression from NNVAMD to neovascular age-related macular 

degeneration (NVAMD).8–10

Vitamin D deficiency has been linked with a number of systemic disorders ranging from 

multiple sclerosis to tuberculosis.11-12 The biologically active form of vitamin D (1,25-

dihydroxyvitamin D) has demonstrated anti-inflammatory and antineovascular properties. 

Active vitamin D has been shown to inhibit the proliferation of T-helper and cytotoxic T 

cells while also reducing the production of proinflammatory cytokines IL-2, IL-6, IL-8, and 

IL-12.12-16 Active vitamin D also demonstrates antineovascular properties because it 

inhibits endothelial cell proliferation and decreases levels of hypoxia inducible factor 1, 

which promotes the expression of vascular endothelial growth factor.17,18 Furthermore, 

active vitamin D has been shown to protect against oxidative stress in vitro possibly by 

inducing glucose-6-phosphate dehydrogenase (G6PD).19 At the tissue level, genes involved 

in the production and metabolism of active vitamin D, including CYP27B1 and the vitamin 

D receptor, are expressed in vitreous, retina, retinal pigment epithelium, and choroidal 

tissues.20 These findings suggest a plausible biologic link between dysregulation of the 

normal homeostatic role of vitamin D and the known pathobiology of AMD. The serum 

level of 25-hydroxyvitamin D (25OHD) is the primary indicator of vitamin D status in the 

body

Three population-based studies have investigated the relationship between vitamin D levels 

and the presence of NNVAMD versus non-AMD with conflicting results.21-23 Another 

three studies, each with limited cohorts, have included data about NVAMD versus 

NNVAMD patients. Morrison et al 20 compared levels of 25OHD in 50 pairs of discordant 

siblings with NVAMD versus NNVAMD, and found an insignificant trend toward higher 
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levels in the sibling with the lower AMD severity (P = 0.22). Similarly, Seddon et al 24 
found that a lower dietary intake of vitamin D correlated with worse AMD disease. 

However, in a retrospective cohort study of the Medicare 5% data comparing a population of 

vitamin D deficient patients versus matched controls, Day et al 25 found no difference in the 

incident rates of NNVAMD or NVAMD.

Our aim was to compare 25OHD levels in a large cohort of patients with NNVAMD, 

NVAMD, and controls. Given the antineovascular and anti-inflammatory properties of 

vitamin D, we hypothesized that lower 25OHD levels and vitamin D deficiency are more 

associated with NVAMD, versus NNVAMD and control patients.

Methods

Cohorts

After obtaining approval from the Duke University Institutional Review Board, electronic 

medical records were searched from July 1997 through November 2011 to identify all 

patients older than 55 years at Duke University Medical Center tested for vitamin D level 

and diagnosed with NNVAMD (International Classification of Diseases version 9 [ICD-9] 

code [362.50, 362.51] and NVAMD [362.52]). Patients were included in the NNVAMD 

group if they were ever advised to use Age-related Eye Disease Study (AREDS) 

supplementation and if they were without evidence of NVAMD in either eye. Patients were 

included in the NVAMD group if they had ever been treated, by any method, for a choroidal 

neovascular membrane not attributed to non-AMD conditions such as pathologic myopia, 

ocular histoplasmosis, or idiopathic choroidal neovascular membrane. Geographic atrophy 

(GA) was noted if GA involving the fovea was documented on clinical examination, and 

these patients were included as a subgroup within NNVAMD patients. A group of 100 

patients with no evidence of AMD documented on prior examination were selected, in a 

masked fashion, from patients with a diagnosis of pseudophakia (v43.1) and whose 25OHD 

level had been measured; of a random group of 226 patients, a group of 100 were selected to 

match the NNVAMD group regarding age, sex, and race. After the entire group of controls 

was selected, further chart review was performed to collect 25OHD levels and additional 

demographic and medical information on each patient.

Record Review

The first and lowest available 25OHD levels were recorded for each patient and a 

corresponding creatinine level. All recorded 25OHD levels were determined by the 

chemiluminescence method at the Duke laboratory using the LIAISON assay (DiaSorin, 

Stillwater, MN). Patients whose 25OHD level was tested solely with the liquid 

chromatography–tandem mass (LC-MS/MS) method were included in a separate analysis. 

Medical records and ICD-9 codes were reviewed for smoking status and the diagnosis of 

cardiovascular disease, hypertension, or osteoporosis; the most recent medication list was 

used to determine the total number of systemic (nonophthalmic) prescription medications as 

a measure of overall morbidity.26 All available medication lists were used to assess if the 

patient had ever been on vitamin D supplementation. Age at the time of lowest 25OHD level 
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was recorded for each patient, as well as the body mass index measurement nearest to this 

time point documented in the medical record.

Statistics

Pairwise comparisons of mean 25OHD levels between groups were assessed using a 2-tailed 

t-test. To control for the seasonal variation in 25OHD levels, an analysis was performed 

where 25OHD concentrations were adjusted for month of blood acquisition using the local 

regression (LOESS) procedure (PROC LOESS in SAS version 9.2; SAS Institute, Cary, 

NC).27 The prevalence of vitamin D insufficiency (25OHD level <30 ng/mL), deficiency 

(<20 ng/mL), and severe deficiency (<10 ng/mL) was compared between groups using chi-

squared analysis. The entire range of lowest 25OHD levels of the NNVAMD, NVAMD, and 

control groups were then separated into quintiles. Odds ratios (ORs) and 95% confidence 

intervals (CIs) for NVAMD versus NNVAMD by quintile of serum 25OHD were 

calculated, and logistic regression was used to adjust for variables where the P value for the 

differences between groups was less than 0.20. A P value of <0.05 was determined to be 

significant.

Results

Database review of all patients tested for 25OHD level revealed 459 patients diagnosed with 

NNVAMD (ICD-9 code 362.50 or 362.51), 319 with NVAMD (ICD-9 code 362.52), and 

1,646 patients with pseudophakia (ICD-9 code v43.1) (Figure 1). In the NNVAMD group, 

283 (61.6%) patients were identified to be taking or were prescribed AREDS 

supplementation and 38 (17.6%) were identified to have fovea-involving GA. Of the 319 

patients in the NVAMD group, 211 (66%) were confirmed to have NVAMD. A random 

cohort of 100 patients from the pseudophakia group matched by age, sex, and race to the 

NNVAMD population were selected as controls. A total of 462 patients both met the 

inclusion criteria and had 25OHD levels tested by the chemiluminescence method, and were 

part of the final analysis, including 216 NNVAMD, 146 NVAMD, and 100 control patients.

Patients (Table 1) were found to be mostly female and white. NVAMD patients were 

significantly older than control patients (P = 0.035) and had a higher prevalence of smoking 

than NNVAMD and control patients (P = 0.043). The body mass index trended to be higher 

in NVAMD patients compared with that of NNVAMD patients (P = 0.102); the P value for 

differences between groups for all other variables were greater than 0.20.

Serum 25OHD Status and Age-Related Macular Degeneration

In 94% of patients, the lowest 25OHD level was also the first level measured, and thus the 

lowest values are presented in all further analyses. The distribution of the 25OHD values is 

presented in Figure 2. Mean levels were significantly lower in NVAMD patients versus 

NNVAMD (P = 0.003) and control patients (P = 0.049); the differences remained significant 

after controlling individually for differences in age (P = 0.006), body mass index (P = 

0.028), and smoking status (P = 0.011), and also when controlling for these all these 

variables in multiple regression (P = 0.033).
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There was no season where there was a statistically significant difference between groups 

regarding proportion of 25OHD tests in that season (P = 1.00). When controlling for 

seasonal variation using the LOESS analysis, mean levels remained significantly lower in 

NVAMD versus NNVAMD (P = 0.003) and control patients (P = 0.049). The difference in 

means between NNVAMD and controls was not significant.

The prevalence of vitamin D insufficiency, deficiency, and severe deficiency (Figure 3) 

were all highest in the NVAMD versus NNVAMD and control patients. Although NVAMD 

patients were only 1.3 times (95% CI, 1.03–1.72, P = 0.002) more insufficient compared 

with NNVAMD, they were approximately 5.3 times (95% CI, 1.6– 19.0, P < 0.001) more 

severely deficient.

This relationship is further highlighted when 25OHD levels of NNVAMD, NVAMD, and 

control patients were separated into quintiles (Figure 4) and the proportion of NVAMD 

patients was highest in the lowest quintile of 25OHD levels. Figure 4B presents the odds of 

having NVAMD in each higher quintile versus quintile 1. The age and body mass index-

adjusted OR for NVAMD in the highest versus lowest quintile was 0.35 (95% CI, 0.18–

0.68). The odds for NVAMD decreased with increasing 25OHD level (P = 0.0073). There 

was no significant difference between ORs in each quintile versus quintile 1 for NNVAMD 

compared with controls (data not shown).

Geographic Atrophy

Thirty-eight patients in the NNVAMD group were identified to have GA affecting the fovea 

and central vision. Geographic atrophy patients trended older than non-GA NNVAMD 

patients (P = 0.059). Mean levels of 25OHD levels in GA patients were not significantly 

different than NVAMD patients (28.7 vs. 26.1 ng/mL, P = 0.31) or than non- GA 

NNVAMD patients (28.7 vs. 32.1 ng/mL, P = 0.30). Rates of vitamin D deficiency (25OHD 

< 20 ng/mL) in GA patients were not significantly different than NVAMD patients (24 vs. 

32%, P = 0.43) or NNVAMD patients (24 vs. 17%, P = 0.36).

Liquid Chromatography–Tandem Mass Method

A separate analysis was performed for the 67 NNVAMD patients and 65 NVAMD patients 

whose 25OHD level was tested only by the LC-MS/MS assay (see Supplemental Table). 

Liquid chromatography–tandem mass measurements of 25OHD are not directly comparable 

with the levels generated by the chemiluminescence method, which has been generally 

preferred.12,28 In these patients, mean levels were not different between groups; however, 

significantly more NVAMD patients were severely deficient (<10 ng/mL 25OHD) 

compared with NNVAMD patients (P = 0.043); there was also a trend for more NVAMD 

patients being vitamin D deficient (10–25 ng/mL 25OHD) (P = 0.091).

Discussion

Our analysis of patients at a single academic institution tested for 25OHD level and 

diagnosed with AMD demonstrated lower mean levels of 25OHD and higher rates of 

vitamin D deficiency in NVAMD patients versus NNVAMD and controls. A quintile 

analysis of all patients demonstrated an adjusted OR of 0.35 for NVAMD in the fifth 
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quintile compared with the first quintile and demonstrated the lowest proportion of NVAMD 

in patients with the highest levels of 25OHD. This is the largest study to date to compare 

25OHD levels in NVAMD versus NNVAMD and the first to find a statistically significant 

difference in these groups. Conclusions are limited because it was not possible to make a 

temporal connection between vitamin D testing and AMD diagnosis in this retrospective 

chart review.

Our findings are in line with previous studies that have compared vitamin D status in AMD 

patients (Table 2). Morrison et al 20 examined 25OHD levels in 50 pairs of discordant 

siblings, and found a nonsignificant trend toward lower levels in the affected siblings with 

NVAMD 24.7 ± 10.5 ng/mL vs. 27.5 ± 10.7 ng/mL, P = 0.22). Seddon et al,24 in a 

population of monozygotic twins with discordant AMD status, found that a higher dietary 

intake of vitamin D correlated with a lower drusen burden and an earlier stage of advanced 

AMD; however, 25OHD levels were not measured. Graffe et al performed a case control 

study measuring 25OHD levels on 31 patients with AMD (26 with late-stage AMD) versus 

34 age-matched controls and found a higher prevalence of vitamin D deficiency in AMD 

patients (71%) versus control patients (44.1%) (P = 0.03). Day et al performed a 

retrospective cohort study of the Medicare 5% claims database comparing a population of 

vitamin D deficient patients versus matched controls. The authors found no difference in the 

incident rates of NNVAMD or NVAMD; however, the study was driven by ICD-9 coding 

and did not factor in the possible effect of vitamin D supplementation after the diagnosis of 

vitamin D deficiency. Furthermore, the diagnosis of vitamin D deficiency was not confirmed 

by actual vitamin D levels.25

We found no significant difference between NNVAMD and controls regarding mean 

25OHD level or proportion with vitamin D deficiency. Although this is in accordance with 

findings from Golan et al, which analyzed patients in a health care maintenance organization 

in Israel, our findings contrast larger population-based studies of the NHANES III and 

CAREDS populations that found a protective of effect of higher 25OHD levels for 

NNVAMD versus non-AMD patients.21–23 It should be noted that AMD diagnosis in the 

study by Golan et al was purely driven by ICD-9 coding, whereas the studies of the 

NHANES III and CAREDS populations used fundus photography and a certified reading 

center. In each of these three studies, the number of NVAMD patients has been small, thus 

limiting any definitive conclusions about the effect of vitamin D status on NVAMD versus 

NNVAMD.

Ours is the first study to report on 25OHD levels in patients with GA. This subset of 

NNVAMD patients demonstrated mean 25OHD levels and proportions of vitamin D 

deficiency above the remaining NNVAMD patients and below NVAMD patients. These 

differences were not statistically significant. The association between vitamin D deficiency 

and GA is unclear from our data.

The quintile analysis of 25OHD levels has been used in multiple epidemiologic studies to 

investigate the effect of 25OHD levels on a wide range of medical conditions.29,30 Based 

on ORs in the highest quintile of 25OHD levels, the protective effect of higher 25OHD 

levels for NVAMD versus NNVAMD in our study was stronger than what was identified for 
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NNVAMD versus non-AMD in the NHANES and CAREDS populations.21,22 The 

protective effect in our study for NVAMD initially becomes significant in the third quintile 

(adjusted OR, 0.44; 95% CI, 0.23–0.84) when 25OHD levels are >25.0 ng/mL; this roughly 

correlates to 25OHD levels thought to constitute sufficiency that ranges between 20 and 30 

ng/mL.12 As extrarenal production of active vitamin D (1,25-dihydroxyvitamin D) is driven 

by the availability of 25OHD, lower systemic levels of 25OHD may directly diminish the 

amount of active vitamin D in the macula.

Included in a separate analysis are 127 patients with AMD whose 25OHD levels were 

measured by the LC-MS/MS method (see Supplemental Table). This assay, although being 

able to provide fractionated measurements of 25OHD, has been found to be less 

reproducible across institutions; total 25OHD levels are not comparable with the 

chemiluminescence assay, and the LC-MS/MS assay generally provides higher total 25OHD 

levels and lower rates of vitamin D deficiency when both tests are performed on the same 

population.28 When comparing NVAMD versus NNVAMD patients, similar relationships 

existed in this smaller population of patients tested by the LC-MS/MS assay as seen in larger 

population tested by the chemiluminescence assay.

It is biologically plausible that active vitamin D may affect the development of NVAMD 

more than that of NNVAMD. Beyond its anti-inflammatory properties, active vitamin D 

also demonstrates antineovascular properties as it has been shown to inhibit endothelial cell 

proliferation and reduce levels of hypoxia inducible factor 1 in in vivo models of diabetic 

retinopathy in mice. Initial investigations into the role of vitamin D in retinal vascular 

disorders have found that lower 25OHD levels are correlated with worse levels of diabetic 

retinopathy 31,32; a study of patients with Type 1 diabetes identified that 25OHD levels 

correlated to severity of diabetic retinopathy more than body mass index, blood pressure, the 

presence of microalbuminuria and neuropathy.33 Active vitamin D has been found to 

interrupt key signaling pathways in angiogenesis, which may explain its antitumorigenic 

properties as well. Finally, active vitamin D has been shown to improve barrier function of 

cultured human corneal epithelial cells by increasing expression of occludin; its affect on 

RPE cells is yet unclear.34

Being a retrospective review, there are several limitations in this study. Given the variability 

of timing of 25OHD testing and eye examinations, there was no temporal connection 

between time of vitamin D testing and the diagnosis of a patient's ocular disease. Often, 

patients identified to be deficient at their initial testing were retested multiple times and 

found to have higher levels of 25OHD; this likely reflects the effect of vitamin D 

supplementation, and it is not known the effect this may have had on AMD. Furthermore, 

diagnoses of AMD relied on provider assessments because fundus photographs were not 

present for all patients. To mitigate this, only NNVAMD patients taking or prescribed 

AREDS were included to ensure that only AMD patients, presumably with at least 

intermediate or AREDS category 3, would be included in the study. Also, patients in our 

analysis were mostly female and white reflecting the general population of patients whose 

25OHD level is more likely to be measured; thus, only limited conclusions could be made 

about other populations. It was not possible to ascertain the indication for vitamin D testing 

in this retrospective chart review. Finally, no conclusions can be made about causation, and 
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larger prospective studies are required to assess whether vitamin D deficiency is potentially 

a modifiable risk factor for the development of NVAMD.

In summary, this comparison of 25OHD levels in large cohorts of NNVAMD, NVAMD, 

and control patients demonstrated lower mean values and higher rates of vitamin D 

deficiency in NVAMD versus NNVAMD and controls. There are many limitations of the 

study as a retrospective review including that no temporal connection was made between the 

timing of AMD diagnosis and vitamin D testing. The results are compelling, though, 

because of the biologic plausibility of the association. Further studies that correlate 25OHD 

levels at specific time points in the course of AMD will help elucidate whether vitamin D 

deficiency is a risk factor for the development of NVAMD.
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Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Medical records of all patients tested for 25-hydroxyvitamin D (25OHD) and diagnosed by 

ICD-9 code for AMD were reviewed. Patients were included in the NNVAMD group if 

recommended AREDS supplementation and with NVAMD if patient had choroidal 

neovascularization in any eye not attributable to an alternate cause; patients whose 25OHD 

level was tested by LC-MS/MS assay were included in a separate analysis. The control 

group was selected from patients diagnosed with pseudophakia and tested for 25OHD level. 

A total of 226 medical records at random were reviewed, of which a control group was 

selected to match the NNVAMD group for sex, race, and age.
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Fig. 2. 
Distribution of 25-hydroxyvitamin D levels according to group: mean of the lowest level 

graphed. Error bars represent SD
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Fig. 3. 
Prevalence of vitamin D insufficiency, deficiency, and severe deficiency according to group. 

*P P P > 0.05 for all differences between control and NNVAMD patients
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Fig. 4. 
Quintile analysis of 25-hydroxyvitamin D levels: A. overall proportions of patients of each 

group in each quintile. B. Odds ratios and 95% CIs for NVAMD by quintiles of serum 

vitamin D level
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Table 1

Patient Characteristics

NNVAMD

Control (N=100) All (n=216) GA (n=38) NVAMD (n=146) Significance of Difference
*

Demographics

Female (%) 78.0 75.5 84.2 78.1 None

White (%) 92.0 95.8 94.7 93.8 None

Age, mean (SD) 78.4 (8.6) 79.1 (9.2) 81.7 (7.7) 80.9 (9.4) +

Medical factors

BMI (mean), kg/m2 25.8 26.1 26.1 27.2 None

Hypertension, % 79.6 78.9 81.6 83.5 None

Cardiovascular, % 27.8 35.1 26.3 31.9 None

Creatinine, mean (SD) 1.1 (0.5) 1.1 (1.0) 1.3 (1.3) 1.1 (0.6) None

Medications, mean (SD) 5.7 (2.4) 6.0 (3.2) 6.2 (2.9) 6.1 (3.1) None

On vitamin D Supplements, % 82.7 71.7 85.7 77.2 None

Smoking, % 22.7 26.9 27.0 36.6 + #

$ P > 0.05 for all differences between control and NNVAMD patients.

BMI, body mass index.

*
Pairwise comparisons completed to compare NVAMD versus NNVAMD, NVAMD versus control, and control versus NNVAMD Patients. None 

is noted if P > 0.05 for all comparisons.

+
P < 0.05 NVAMD versus control patients.

#
P < 0.05 NVAMD versus NNVAMD patients
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Table 2

Summary of Existing Clinical Studies Investigating the Relationship Between Vitamin D Status and AMD

Study Population (n) Result

Parekh et al22 NHANES III (7,752 civilians) For all patients, 0.64 odds of early AMD in highest quintile of 25OHD level

Millen et al21 CAREDS/WHIOS (1,313 post 
menopausal women)

For all patients, 0.72 odds of AMD in highest quintile, For all patients <75 years 
of age, 0.52 odds of AMD in highest quintile

Golan et al23 Israel Maccabi Health care Services 
database (1,045 AMD and 8,124 
controls)

No difference in mean 25OHD levels between AMD and controls (24.1 vs 24.13 
ng/mL, P = 0.925

Day et al25 Medicare 5% database (6,966 vitamin 
D deficient, 6,966 controls)

No difference in incident rates of AMD in vitamin D deficient patients versus 
controls (8.90 vs. 9.14%, P = 0.62

Morrison et al20 Discordant sibling cohort, 100 pts Trend toward lower levels in NVAMD versus NNVAMD sibling (24.7 + 10.5 
ng/mL vs 27.5 + 10.7 ng/mL, P = 0.22)

Seddon et al24 Discordant twins cohort, 60 pts Higher vitamin D intake in twin with less advanced AMD (200.3+/- 18.5 vs 
170.9 +/− 16.9 IU/day, P = 0.01

Graffe et al35 31 adutls with AMD (26 with late-
stage AMD)
34 age-matched controls

Vitamin D def (<20 ng/mL) more prevalent in AMD patients (71.0%) vs. 
controls (44.1%) (P = 0.03). Those with vitamin D deficiency had an adjusted 
OR of 3.29 for development of late-stage NVAMD

CAREDS, Carotenoids in Age-Related Eye Disease Study; IU, international units; NHANES III, Third National Health and Nutrition Examination 
Survey; WHIOS, Women's Health Initiative Observational Study; pt, patients
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