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Purpose: Vitamin D deficiency is common in the elderly. Vitamin D deficiency may affect 

the mood of people who are deficient. We investigated vitamin D status in older primary care 

patients and explored associations with depression.

Patients and methods: A cross-sectional study was conducted and association analyses were 

performed. Primary care patients at a single academic medical center who were $60 years with 

serum total 25-hydroxyvitamin D (25[OH]D) levels were included in the analysis. The primary 

outcome was a diagnosis of depression. Frailty scores and medical comorbidity burden scores 

were collected as predictors.

Results: There were 1618 patients with a mean age of 73.8 years (±8.48). The majority (81%) 

had optimal ($25 ng/mL) 25(OH)D range, but 17% met mild-moderate (10–24 ng/mL) and 3% 

met severe (,10 ng/mL) deficiencies. Those with severe deficiency were older (P , 0.001), 

more frail (P  ,  0.001), had higher medical comorbidity burden (P  ,  0.001), and more 

frequent depression (P = 0.013). The 694 (43%) with depression had a lower 25(OH)D than 

the nondepressed group (32.7 vs 35.0, P = 0.002). 25(OH)D was negatively correlated with 

age (r = −0.070, P = 0.005), frailty (r = −0.113, P , 0.001), and medical comorbidity burden 

(r = −0.101, P , 0.001). A 25(OH)D level was correlated with depression (odds ratio = 0.990 

and 95% confidence interval [CI] = 0.983–0.998, P = 0.012). Those with severe vitamin D 

deficiency were twice as likely to have depression (odds ratio = 2.093 with 95% CI 1.092–4.011, 

P = 0.026).

Conclusion: Vitamin D deficiency was present in a fifth of this older primary care population. 

Lower vitamin D levels were associated with depression. Those with severe deficiency were 

older and more likely had depression.
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Introduction
Vitamin D deficiency is an important condition, with clinical implications stretching 

from skeletal and neuromuscular functions to extraskeletal health such as cancer, 

cardiovascular disease, multiple sclerosis, psoriasis, diabetes, and other diseases such 

as schizophrenia and depression.1,2 Falls and strength are also hallmark associations 

with vitamin D.3 Despite its importance in overall health, vitamin D insufficiency and 

deficiency are still very common in the USA. This may be the result of changes in 

time outdoors or changes in dietary habits. The definitions of optimal, insufficient, 

and deficient vitamin D levels vary in the literature. The Institute of Medicine defined 

total serum 25-hydroxyvitamin D (25[OH]D) $20 ng/mL as optimal, 12–19 ng/mL as 

inadequate, and ,12 ng/mL as deficient.4 The Endocrine Society guideline definitions 
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were higher, ie, 25(OH)D was optimal if $30  ng/mL, 

insufficient if 21–29 ng/mL, and deficient if #20 ng/mL.5 

As a consequence of varied definitions, the prevalence of 

vitamin D deficiency varies as well, ranging from 25% to 

50% in typical patients,6 to 60% in a group of psychiatric 

inpatients,7 and even higher in hospitalized patients, from 

57%8 to 74%9 in general medical inpatients.

Vitamin D deficiency has been implicated in depression, 

although studies have shown mixed results. In the 

elderly, positive association studies have demonstrated 

hypovitaminosis D as a risk factor for depression in 

population-based cohorts.10–14 On the other hand, other studies 

report conflicting findings. A large study (n =  3916) that 

investigated the relationship between vitamin D, parathyroid 

hormone, and depression in United States adults aged 20 or 

older did not find any relationship between hypovitaminosis D 

and depression, further confirmed in a subanalysis of geriatric 

patients.15 In a study of psychiatric groups with schizophrenia, 

alcohol addiction, and major depression, levels of vitamin D 

were lower than those of normal controls but not different 

between the psychiatric groups.16 One study on the effects 

of vitamin D supplementation on depression in overweight/

obese patients (aged 21–70 years) found that at baseline there 

was no correlation between vitamin D and depression scores, 

although the authors did find improvement of depression 

scores all measured by the Beck Depression Inventory in 

those randomized to vitamin D supplementation.17

In an effort to find clarity amid the inconclusive evidence 

on the relationship between vitamin D and depression, we con-

ducted a cross-sectional study to investigate the vitamin D status 

of geriatric patients seen in the primary care setting and explore 

whether any associations exist between vitamin D levels and 

depression. We anticipated that lower vitamin D levels would 

be associated with a diagnosis of depression. Our study was 

unique in our ability to look at additional correlates including 

frailty measures and burden of medical comorbidity.

Materials and methods
Design
This study included empaneled primary care patients at a single 

academic medical center. The study retrospectively evaluated 

records from 2004–2008. This was an Institutional Review Board 

(IRB)‑approved cross-sectional study of patients aged 60 years 

and older seen in the primary care internal medicine practice.

Participants
The subjects were adults over age 60 with an assigned 

primary care physician with family medicine or primary 

care internal medicine within Mayo Clinic in Rochester, 

Minnesota, USA. Participants were included if they had one 

serum 25(OH)D level.

Exclusion criteria
Subjects who refused a medical record review were excluded 

from the study. Those participants without a 25(OH)D level 

were also excluded.

Outcome variables
The primary outcome variable was the clinical diagnosis 

of depression. We collected electronic data on depression 

diagnosis from the Hospital International Classification 

of Disease Adaptation (HICDA) codes for depression and 

other mood disorders, which is a coding system developed 

and used at Mayo Clinic that is an adaptation of ICD-8. It 

uses an “autocoder” to automate the coding process with 

a computerized system, and assigns HICDA codes to all 

word-based diagnoses in the clinical notes of the Mayo 

Clinic electronic medical record.18 A single person may have 

more than one depression-related diagnosis on the same 

or different visits. The diagnosis of depression was made 

clinically by the clinical medical providers in either primary 

or specialty care.

Predictor variables
The primary predictor variable was the vitamin D level 

and the diagnosis of vitamin D deficiency. Records were 

electronically identified by searching institutional clinical 

databases for geriatric patients seen in primary care internal 

medicine from 2005–2006 who had at least one total serum 

25(OH)D level from 2004–2008. For those with multiple 

serum 25(OH)D measurements, we used the index or first 

measurement. Levels of 25(OH)D were grouped into optimal 

range (at least 25  ng/mL), mild to moderate deficiency 

(10–24  ng/mL), and severe deficiency (,10  ng/mL) as 

established by Mayo Medical Laboratories (http://www.

mayomedicallaboratories.com), where all 25(OH)D 

measurements are made by liquid chromatography-tandem 

mass spectrometry and total serum 25(OH)D assessed as the 

additive sum of 25(OH)D2 and 25(OH)D3 components.

Two other major covariables included frailty as measured 

by the Elder Risk Assessment (ERA) index and age. ERA 

scores used to identify frail individuals were collected 

electronically. ERA is an instrument that measures the 

potential risk for hospitalization or emergency room visit. 

The predictors in the ERA include age, gender, number 

of hospital days, and medical comorbidities based on 
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administrative data.19 The ERA predicts functional disability 

as measured by nursing home placement.20 The ERA can 

provide some adjustment for functional disability and 

comorbid health conditions.

Medical comorbidity was measured using the Charlson 

Comorbidity Index (CCI).21 The CCI accounts for most medical 

comorbidities and is widely used as a validated prognostic 

indicator.22 Scores range from 0 to 40 and higher scores 

predict mortality. The CCI was scored electronically using the 

diagnoses in the institution’s medical index database.

Study size
This was an initial pilot study, and we used all available data 

for analysis within the time period described.

Data analysis
Patient demographic characteristics were summarized by 

either mean ± standard deviation (SD) for continuous data, 

or frequency (percentage %) for proportional (dichotomous) 

data. Pearson correlation coefficient, two sample t-test, one-

way analysis of variance (ANOVA), and multivariate logistic 

model analyses were performed. P values less than 0.05 were 

considered statistically significant. All statistical analyses were 

handled by SAS 9.3 software (SAS institute Inc, Cary, NC).

Results
Demographic and clinical characteristics
There were 12,650  geriatric patients 60 years and older 

who were seen in primary care internal medicine from 2005 

to 2006, of which 1618 patients had at least one 25(OH)D 

measurement between 2004 and 2008. The distribution of 

25(OH)D categories is summarized in Table 1, which shows 

the majority in the optimal range (81%), although a small 

percentage met the criteria for mild–moderate deficiency 

(17%) and severe deficiency (3%). At the time of the 

first 25(OH)D measurement, subjects had a mean age of 

73.8 (±8.48, range 60–101) and the majority were female 

(75%). Mean scores for ERA and CCI were 6.51 ± 6.48 and 

4.09 ± 3.76, respectively.

Depression
It was common to find depression in this cohort: 694 (43%) 

carried a depression diagnosis, with the severe vitamin D 

deficiency group having a higher frequency of depression 

(P = 0.013, Table 1). A single person may have more than 

one depression-related diagnosis on the same or different 

visits. The most common diagnosis at the first occurrence 

was depression not otherwise specified (NOS) (89.9%); 

other less common diagnoses include recurrent depression, 

dysthymic disorder, bipolar disease, psychotic depression 

NOS, and affective disorder NOS.

Gender analysis
Females had lower rates of 25(OH)D deficiencies than 

males (P , 0.001), which was proportional in this cohort, 

with three times more females than males (Table  1). 

Females showed the same trend as the combined group 

with respect to those with severe deficiency having more 

Table 1 Distribution of vitamin D levels and other patient characteristics

Overall Optimal 
range

Mild-moderate 
deficiency

Severe 
deficiency

P-value

N SD % N SD % N SD % N SD %
All 1,618 1,307 81 269 17 42 3
  Age 73.8 ±8.48 73.33 ±8.29 75.58 ±9.02 76.6 ±8.86 ,0.001
  ERA score 6.51 ±6.48 5.95 ±6.24 8.68 ±6.97 10.19 ±6.82 ,0.001
  CCI score 4.09 ±3.76 3.78 ±3.62 5.22 ±4.03 6.6 ±4.12 ,0.001
  Depressiona 694 43 547 42 120 45 27 64 0.013
Females 1,213 75 1,016 84 168 14 29 2
  Age 73.7 ±8.60 73.34 ±8.41 75.53 ±9.30 77.38 ±9.12 ,0.001
  ERA score 6.05 ±6.37 5.64 ±6.18 7.83 ±6.88 10.24 ±6.71 ,0.001
  CCI score 3.54 ±3.50 3.27 ±3.30 4.58 ±4.01 6.76 ±4.58 ,0.001
  Depression 525 43 427 42 79 47 19 66 0.024
Males 405 291 101 13
  Age 74 ±8.10 73.31 ±7.85 75.67 ±8.58 74.85 ±8.34 0.038
  ERA score 7.89 ±6.63 7.03 ±6.31 10.09 ±6.92 10.08 ±7.33 ,0.001
  CCI score 5.76 ±4.02 5.55 ±4.11 6.29 ±3.86 6.23 ±2.98 0.26
  Depression 169 42 120 41 41 41 8 62 0.34

Note: aBased on diagnosis codes from medical records. 
Abbreviations: 25(OH)D, total serum 25-hydroxyvitamin D; CCI, Charlson Comorbidity Index; ERA, Elder Risk Assessment.
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frequent depression (P = 0.024). This trend was not observed 

in males, likely due to only eight observed with severe 

deficiency. Both females and males were similar in age and 

frequency of depression; however, the females had a lower 

mean ERA (6.05 ± 6.37 vs 7.89 ± 6.63, P , 0.001) and CCI 

(3.54 ± 3.50 vs 5.76 ± 4.02, P , 0.001) scores than males.

Relationship between vitamin D levels 
and age, depression, and frailty
Contrasting the groups with and without a depression diag-

nosis, 25(OH)D was lower in the depression group compared 

with the usual care group (32.7 ± 13.5 vs 35.0 ± 15.4, respec-

tively, two sample t‑test, P = 0.002). After categorizing the 

groups into optimal, mild-moderate, and severe deficiency 

based on 25(OH)D levels, the severe deficiency group had 

more frequent depression diagnosis than the mild-moderate 

deficiency and optimal range groups (64% vs 45% vs 42%, 

respectively, Chi-square test, P = 0.013). However, there was 

no difference in frequency of depression diagnosis between the 

mild-moderate deficiency and optimal range groups (45% vs 

42%, respectively, Chi-square test, P = 0.40). The same dis-

tribution was noted for females, with similar percentages. In 

males, the result was not significant due to a smaller number 

of males (405), with only 169 total cases of depression.

Patients with severe deficiency were older than those with 

optimal levels (two sample t‑test, P = 0.012). Correlation 

analyses (Table  2) showed that 25(OH)D was negatively 

correlated with age (r  =  −0.070, P  =  0.005), ERA score 

(r  =  −0.113, P  ,  0.0001), and CCI score (r  =  −0.101, 

P , 0.0001). The univariate and multivariate logistic model 

with a clinical diagnosis of depression was performed using 

age, male gender, ERA score, vitamin D level, and CCI score 

as predictors in the model (Table 3).

Using univariate analysis, male gender was the 

only variable that did not predict depression, while all the 

other variables predicted depression including age, ERA 

score, vitamin D level, and CCI score. We then performed 

a multivariate analysis; however, we excluded the CCI 

score variable because the ERA score demonstrated a more 

dominant effect in predicting depression. In the multivariate 

analysis, neither age nor male gender predicted depression. 

What correlated with depression was a lower 25(OH)D 

level (OR  =  0.990 and 95% CI 0.983–0.998, P  =  0.012) 

after adjustment for age, gender, and ERA score. The 

group with severe vitamin D deficiency was more likely 

to have depression (OR = 2.093 and 95% CI 1.092–4.011, 

P = 0.026).

Discussion
Our retrospective cross-sectional study describes the dis-

tribution of vitamin D levels among geriatric patients seen 

in the primary care setting, and reports significant associa-

tions between vitamin D, age, gender, frailty, and medical 

burden.

We found a relationship between severe vitamin D defi-

ciency and depression (OR = 2.45 and 95% CI 1.29–4.64, 

P = 0.006) after adjustment for age and comorbid health con-

ditions. Using continuous vitamin D levels, we further found 

a significant relationship between increasing vitamin D levels 

and decreased depression. These adjusted findings potentially 

indicate an ongoing relationship between vitamin D and 

depression. A previous study has shown some questions 

about the relationship of vitamin D to depression.23 Vitamin D 

trials have typically been small. In a trial of 44 people with 

seasonal affective disorder, there was some minimal evidence 

that vitamin D provided help with general well-being.24 In a 

trial of annual vitamin D supplementation in adults over 70, 

there was no difference in mood or well-being in the group 

receiving vitamin D compared with placebo.25 In a group of 

441 overweight adults, there seemed to be a clear relationship 

between vitamin D levels and depressive symptoms and also 

with improvement of depressive symptoms after treatment.17 

Our study provides more evidence to answer this question 

and clearly indicates a relationship between clinical depres-

sion and vitamin D levels. This study is unique because it 

encompasses a broad population in a primary care practice 

in a northern latitude. Interestingly, 81% of the population 

had optimal levels of vitamin D.

Table 2 Pearson correlation coefficient analyses

Age ERA score CCI score

Cor coef P-value Cor coef P-value Cor coef P-value
All 25(OH)D −0.070 0.0050 −0.113 ,0.0001 −0.101 ,0.0001
Females 25(OH)D −0.063 0.0289 −0.074 0.0097 −0.068 0.0172

Males 25(OH)D −0.095 0.0573 −0.203 ,0.0001 −0.107 0.0310

Abbreviations: 25(OH)D, total serum 25-hydroxyvitamin D; CCI, Charlson Comorbidity Index; Cor coef, Pearson Correlation Coefficient; ERA, Elder Risk 
Assessment.
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We found that frailty as defined by a high ERA score was 

associated with a low vitamin D level with a P-value , 0.001. 

Data from the Third National Health and Nutrition Survey 

demonstrated a 3.7-fold increase in frailty among those 

with low vitamin D.26 Thus, adults who are frail are likely 

to be at a higher risk of vitamin D deficiency. This may be a 

result of less sun exposure or nutritional issues that can be 

associated with decreasing functional status. The effects of 

vitamin D and osteoporosis and bone health are fairly well 

established; thus, these individuals may be at a higher risk 

of fracture. Frailty encompasses fatigue and sarcopenia. 

Vitamin D may play a role in improving muscle performance 

in individuals with frailty.27 The effect of supplemental 

treatment of vitamin  D for individuals beyond deficiency 

is unclear.28 Thus, our findings would be consistent with 

previous findings and reinforce the importance of vitamin D 

when considering frailty. It also reinforces the importance of 

evaluating vitamin D levels in individuals who are identified 

as frail by any mechanism.

Study limitations
Our sample consisted of community dwelling individuals in 

a medium-sized city in the upper Midwest, and our findings 

may not be generalizable to other geographic areas with 

increased sun exposure. Rochester, Minnesota, and Olmsted 

County have a largely Northern European population (85%); 

thus, regions with different racial or ethnic groups may have 

different findings. Despite these potential differences, the 

general conclusion that low vitamin D levels can influence 

depression is still likely valid. The electronic method of 

collecting administrative data for depression and frailty does 

not apply to more rigorous methods of further confirming 

and characterizing these conditions. Both conditions have 

accepted criteria for a clinical diagnosis. However, these 

methods do confirm their presence as noted by the clinician 

and have been found to be of utility, especially when looking 

at big cohorts. Ideally, depression would be confirmed using 

Diagnostic and Statistical Manual of Mental Disorders 

(DSM) IV criteria; however, practically speaking, most 

primary care practices make the diagnosis on clinical grounds 

and the application of these findings to clinical practice could 

potentially favor vitamin D evaluation. A further limitation 

is the development of the cohort. Because only patients with 

a vitamin D level were included, there is a potential bias for 

symptomatic patients with low vitamin D level, compared to 

the general population. Lastly, the lack of data on seasonality 

limits our ability to determine differences in vitamin D levels 

by season, although a previous study of psychiatric inpatients 

found no association between vitamin D level and the season 

of testing.29

Despite the limitations, our study sample is large and 

represents the typical primary care geriatric patient in our 

community. This study provides further insight into the rates 

of vitamin D deficiency and further evidence of its association 

with depression.

In summary, a fifth of our sample of geriatric patients 

in primary care had vitamin D deficiency, and those with 

vitamin D deficiency were older and more likely to have 

depression.
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