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ABSTRACT

Background: Low vitamin D status, assessed using serum 25-hydroxyvitamin D [25(0OH)D] concentration, has been
associated with depression, but research among minority populations, such as Puerto Ricans is limited. We examined
the association between serum 25(0OH)D and self-reported depressive symptomatology across 3 waves of follow-up in
a cohort of Puerto Rican adults residing in Massachusetts.

Objectives: Ve evaluated the cross-sectional and longitudinal associations between serum 25(0OH)D and self-reported
depressive symptoms in the Boston Puerto Rican Health Study (BPRHS) cohort.

Methods: Participants of the BPRHS were evaluated for depressive symptoms using the Center for Epidemiologic
Studies Depression Scale (CES-D). Serum 25(0OH)D was measured at baseline (n = 1434), year 2 (n = 1218), and year 5
(n = 914). We categorized serum 25(OH)D concentration as sufficient (=20 ng/mL), insufficient (12 to <20 ng/mL), and
deficient (<12 ng/mL). Multivariable linear regression was used for cross-sectional analyses at baseline, and repeated
measures mixed effects modeling was used over 3 waves of follow-up for longitudinal analyses. We conducted sensitivity
analyses in vitamin D supplement nonusers and participants with complete data on baseline serum 25(OH)D and CES-D
at all 3 visits.

Results: Serum 25(0OH)D concentration was not associated with CES-D score in cross-sectional analysis [8 = —0.85;
95% Cl: —2.80, 1.10 for deficient compared with sufficient 25(0OH)D; P-trend = 0.59] or in longitudinal analyses over 5y
[B=—-0.41; 95% Cl: —1.95, 1.13 for deficient compared with sufficient 25(0H)D; P-trend = 0.93]. Results were similar
in sensitivity analyses restricted to vitamin D supplement nonusers (n = 1371) and in analyses conducted in participants
with complete measures of baseline serum 25(0OH)D and CES-D score at all 3 visits (n = 887) [8 = —0.12; 95% ClI:
—1.98, 1.74 for deficient compared with sufficient 25(0OH)D; P-trend = 0.93].

Conclusions: \We did not observe a significant association between serum 25(OH)D and depressive symptomatology
in the BPRHS cohort. J Nutr2020;150:3231-3240.

Keywords: Puerto Rican adults, serum 25(0H)D, depressive symptomatology, CES-D, nutrition, minority

Introduction

Hypovitaminosis D is a global public health concern, with
some reports suggesting that almost half of the adult world
population could have suboptimal vitamin D status (1, 2).
According to the US NHANES, >40% of the US population
has insufficient 25(OH)D concentrations [defined as 25(OH)D
<20 ng/mL], and this prevalence is even higher among minority
groups such as Hispanics, compared with non-Hispanic whites;
almost 70% of the Hispanic population has been shown to
suffer from low vitamin D (3).

Vitamin D is a fat-soluble secosteroid, essential for DNA
damage repair (4-6), and is well known for its antioxidant
and anti-inflammatory characteristics (7-10). It is thought
to play a protective role against osteoporosis, cardiovascular
diseases and hypertension (11-13), diabetes (14, 15), multiple
sclerosis, autoimmune diseases (15-17), cancer, and death (18-
21). Vitamin D receptors are found in neurons and glial
cells in the prefrontal cortex, hippocampus, and other brain
regions known to be responsible for influencing mood, emo-
tional well-being, cognitive health, and neurological function
(22, 23). Vitamin D is processed and synthesized by skin
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upon exposure to ultraviolet radiation from sunlight. When
obtained from either sunlight exposure or diet, it first undergoes
hydroxylation into 25-hydroxyvitamin D [25(OH)D; calcidiol]
in the liver, and then, in the kidneys, generates the active
form 1,25-dihydroxyvitamin D [1,25(OH),D; calcitriol] (14,
15). 1,25(OH),D then binds to vitamin D receptors, activating
those receptors to induce or inhibit gene expression (24-26). An
imbalance in this process due to low 1,25(OH),D concentration
and underactive vitamin D receptors can impair the function of
neurotransmitters such as dopamine, noradrenaline, adrenaline,
serotonin, which play an essential role in the pathophysiology
of depression and other neurological disorders (23, 27-
29). Systemic inflammation is also thought to contribute to
depression. Vitamin D is known for its anti-inflammatory
properties, and chronic low 25(OH)D concentrations could
contribute to development of inflammatory diseases such as
depression (10, 14, 30, 31).

The literature on association between vitamin D and
depression has yielded mixed results, with some studies
supporting an inverse association (32-43) and others reporting
no association or inconclusive findings (44-51). The majority
of studies addressing this association have been cross-sectional
(32, 33, 37-41), and more prospective studies are needed to
assess the association between 25(OH)D and depression. A
cross-sectional study evaluating the association between serum
25(OH)D and depressive symptomatology [using the Center for
Epidemiologic Studies Depression Scale (CES-D)] in Japanese
adults reported no association (OR: 0.59; 95% CI: 0.30,
1.15) between serum 25(OH)D and depressive symptomatology
(51). Similarly, a cross-sectional study in older Chinese adults
reported an inverse association between plasma 25(OH)D
and depression in a crude model, with no association after
controlling for confounders, including geographical location
(48). A study examining cross-sectional as well as longitudinal
associations in older Australian men reported that serum
25(OH)D concentration <20 ng/mL was associated with 65%
greater odds of current depression (OR:1.65; 95% CI: 1.13,
2.42) but not of past (OR: 1.15; 95% CI: 0.83, 1.58) or incident
depression (45). Likewise, a study suggested that higher serum
25(OH)D concentration was associated with lower depression
only cross-sectionally and not prospectively (46). However,
findings from the fifth Korea NHANES 2010, suggested 28%
lower odds of depressive symptoms in those with sufficient
serum 25(OH)D (>20 ng/mL) compared with those insufficient
(<20 ng/mL) (P =0.032) (40). A prospective study conducted in
a well-functioning elderly population reported that lower serum
25(OH)D was significantly associated with greater increase in
depression scores (P = 0.003 and P < 0.001 at 2- and 4-y
follow-ups, respectively) and with risk of incident depression
(HR: 1.65; 95% CI: 1.23,2.22) (36).
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Puerto Ricans living in the United States represent the second
largest subgroup of the US Hispanic population, and have been
reported to have a substantially higher prevalence of depression,
as well as other chronic medical illnesses, compared with non-
Hispanic white and other Hispanic populations (3, 52-54).
Hispanics also suffer from greater vitamin D deficiency due
to higher skin pigmentation, poor diet, obesity, and higher
prevalence of renal insufficiency, compared with non-Hispanic
whites (2, 3, 55). A study evaluating the vitamin D status
of >4000 adults living in Puerto Rico reported that almost
70% of the study population had suboptimal serum 25(OH)D
concentration (26), defined as <30 ng/mL. The cut-point for
suboptimal 25(OH)D concentration used by the above study
[25(OH)D <30 ng/mL] is different from that recommended by
the Institute of Medicine for insufficiency used in our study
(<20 ng/mL).

We are not aware of any studies focused on the association
between vitamin D and depression in Puerto Ricans living in the
US mainland. Most of the epidemiological research examining
the chronic diseases and their risk factors has focused on
Mexican Americans. It has been suggested that prevalence and
risks of health outcomes vary significantly by Hispanic ethnic
subgroup (52). Identifying modifiable risk factors for depression
such as vitamin D deficiency could be an important step toward
prevention, as well as future treatments for this high-risk
population of Puerto Ricans living in the United States. We thus
examined cross-sectional and longitudinal associations between
serum 25(OH)D concentration and self-reported depressive
symptomatology in the Boston Puerto Rican Health Study
(BPRHS), a cohort of Puerto Rican adults residing in the state
of Massachusetts, adjusting for a number of covariates in our
analyses.

Methods

Study design, participants, and data collection

The design and data collection methods for the BPRHS have been
described previously (52). Briefly, the BPRHS is a longitudinal cohort
of Boston-area self-identified Puerto Rican adults, aged 45-75 y at
baseline (7 = 15005 2004-2007), with 2- and 5-y follow-up assessments.
All study participants provided written informed consent, in their
preferred language (English or Spanish). At baseline, 2-y, and 5-y study
visits, information on participant demographics, health conditions,
and dietary habits and patterns was collected in participants’ homes
by a trained bilingual interviewer, in either English or Spanish. A
certified phlebotomist drew blood samples, and interviewers conducted
anthropometric and blood pressure measurements at baseline and 2-y
and 5-y follow-ups. The study was approved by the Institutional Review
Boards at Tufts University and the University of Massachusetts Lowell,
and has clinicaltrials.gov registration (NCT01231958).

Vitamin D [serum 25(0OH)D] measures
Serum concentration of 25(OH)D (in nanograms per milliliter) was
assessed in fasting blood samples at baseline. Fasting blood samples
were processed and transported on ice, within 3 h, to the Nutrition
Evaluation Laboratory, Jean Mayer USDA Human Nutrition Research
Center on Aging at Tufts University. 25(OH)D was measured with
an [-125 RIA kit (DiaSorin Inc.) as per manufacturer’s specifications
(68100E). The RIA has been shown to have similar sensitivity and
specificity to LC/MS-MS (56) and was chosen due to its availability
when this measurement was performed. The intra- and interassay CVs
for these measurements were 10.8% and 9.4%, respectively.

We used serum 25(OH)D cut-off points suggested by the Food and
Nutrition Board (FNB) at the National Academies of Science, Engineer-
ing and Medicine, classifying concentration 20 ng/mL (>50 nmol/L)
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as sufficient, <12 ng/mL (<30 nmol/L) as deficient, and 12 to
<20 ng/mL (30 to <50 nmol/L) as insufficient. (57, 58). We also
conducted sensitivity analysis using serum 25(OH)D concentration as a
linear predictor.

Outcome: self-reported depressive symptoms
Self-reported depressive symptoms were measured with the CES-D
scale. The CES-D includes 20 questions regarding appetite, loneliness,
feeling of sadness, hopelessness, helplessness, worthlessness, fears, sleep
quality, and crying spells, and measured the self-reported depressive
symptoms experienced in the week prior to the interview. Responses
were measured with a 4-point Likert scale, from 0 = rarely/never,
1 = some or few times, 2 = occasionally or moderate amount, to
3 = most of the time or all the time. The final calculated CES-D score
was the sum of scores on each of these 20 questions, ranging from 0 to
60, with high scores representing more depressive symptoms (59).
This instrument to measure the self-reported depressive symptoma-
tology has been shown to be reliable for use in the Puerto Rican adult
population (60, 61) and to correlate with the Diagnostic and Statistical
Manual of Mental Disorders (4th ed; DSM-1V) categories of depression
in Hispanics (62). The Cronbach « for the CES-D scale component in
the BPRHS was reported to be 0.90 in previous studies (61). The CES-
D score was used as a continuous outcome variable at 3 time points:
baseline, year 2, and year 5. A CES-D score >16 is generally indicative
of depressive symptomatology (59). Of our participants, 60%, 53%,
and 47% had CES-D score above this cut-off at baseline, year 2, and
year 5, respectively, suggesting a substantial burden of depression in this
population. Because of the high burden of depression in our cohort, we
treated CES-D as a continuous outcome, rather than dichotomizing.

Assessment of covariates
Information on several covariates, including age, sex, BMI, physical
activity, season of blood collection, education, smoking status, alcohol
use, vitamin D supplement intake, chronic medical conditions, vita-
min B-6 [plasma pyridoxal-5'-phosphate (PLP) concentration], fruit
servings/d and vegetable servings/d, vitamin B-12, folate, adherence to
Mediterranean diet (MeD), marital status, food security status, and
functional status activities of daily living (ADL) was collected at baseline
and year-2 and year-5 follow-up visits. We categorized sex as: 1) male, 2)
female taking estrogen and/or premenopausal, or 3) female not taking
any estrogen and postmenopausal. BMI (kg/m?) was calculated based
on body weight and height, measured by trained field workers during the
interview. Physical activity was assessed using a self-reported modified
Paffenbarger questionnaire of the Harvard Alumni Activity Survey (63,
64), that has been validated for use among the elderly Puerto Rican
population (65). The physical activity score was measured as a weighted
score of daily activities per 24 h, including hours spent per day sleeping
and lying down or performing sedentary, light, moderate, or vigorous
activities. Season of blood collection was categorized as summer, fall,
winter, or spring, based on month of blood collection. Education
was categorized as below ninth grade, ninth to 12th grade/General
Educational Diploma, or at least some college education or higher.
Smoking status was evaluated as never smoker, past but not current,
or current smoker, and alcohol use frequency was assessed as no intake
within past year, moderate (<1 drink/d for women, or <2 for men), or
heavy (>1 drink/d for women and >2 for men). Vitamin D supplement
intake was evaluated as a dichotomous variable. A chronic medical
condition score was computed using the mean imputation technique,
and included diabetes, hypertension, arthritis, heart attack, heart disease
(other than heart attack), stroke, respiratory disease, liver or gallbladder
disease, kidney disease, Parkinson disease, any cancer except skin,
tuberculosis, hepatitis (type A, B, or C), and AIDS/HIV positive.
Vitamin B-6 was measured as PLP concentration in nanomoles
per liter, using tyrosine decarboxylase with a radio enzymatic
assay kit as described by Shin-Buehring et al. (66). The intra-
and interassay CVs for these measurements were 5% and 6-8%,
respectively. Generally accepted cut-offs for the vitamin B-6 deficiency,
insufficiency, and sufficiency were used, and are defined as plasma PLP
concentration <20 nmol/L, >20 to <30 nmol/L, and >30 nmol/L.

respectively (67). Plasma vitamin B-12 and folate concentrations
in picomoles per liter and nanograms per milliliter, respectively,
were measured by radioassay using a kit from Bio-Rad. Data on
dietary intake were collected with a semiquantitative FFQ validated
for use in the BPRHS population (68). Information on intake of
fruits and vegetables was collected through the FFQ. The MeD
adherence score was computed based on FFQ responses; it measures
adherence to 9 different dietary components: grains, vegetables, fruits,
legumes/pulses/nuts, fish, monounsaturated to saturated fat intake ratio
especially olive oil, meat/poultry, dairy products, and alcohol (69).
MeD was derived as per Trichopoulou et al.’s description (69). We
used dichotomized variables for marital status (married/living with
spouse or partner in the household compared with unmarried/not
living with partner/widowed/divorced), food security status (food secure
compared with food insecure/food insecure with hunger) and functional
status ADL (no impairment compared with moderate or considerable
impairment).

Statistical analysis

Of 1500 BPRHS study participants at baseline, we excluded 1 outlier
with an extreme serum 25(OH)D concentration of 160 ng/mL. We
excluded from cross-sectional analyses participants with missing data
on CES-D or serum 25(OH)D, leaving n = 1434, 1218, and 914
participants at baseline, year 2, and year 5, respectively, with complete
data on CES-D and serum 25(OH)D (Figure 1). Descriptive statistics
by serum 25(OH)D category (deficient, insufficient, sufficient) were
assessed at baseline, using ¢ test or ANOVA for continuous variables,
and x? test for categorical variables.

Cross-sectional analyses.

Multivariable linear regression was used to assess cross-sectional
associations between 25(OH)D category and CES-D score at baseline.
We adjusted for relevant covariates, in a series of nested models: a
univariate model, without adjusting for any other covariate (model
1); subsequently adjusting for age (years), sex/estrogenic status, BMI,
education, and season of blood collection (model 2); then additionally
adjusting for smoking status, alcohol use, physical activity score, and
chronic medical conditions score (model 3); and in a final model
further adjusting for natural log-transformed plasma PLP concentration
(vitamin B-6), and number of fruit servings/d and vegetable servings/d
(model 4). Choice of covariates was based on their potential to
be a confounder for the association between serum 25(OH)D and
depression, taking into consideration, for consistency, how often they
had been considered as covariates in prior studies. Thus, variables
like age, sex/estrogenic status, BMI, education, and season of blood
collection, which are typically adjusted for in all studies of 25(OH)D
and depression, were included in model 2, with additional factors that
are not universally adjusted in prior literature but that we deemed
important, entering into models 3 and 4.

Longitudinal analyses.

Linear mixed-effects models were fitted across the 3 waves of the
study, to examine the longitudinal association between baseline serum
25(OH)D and CES-D score. Similar to the cross-sectional analysis,
model 1 was a univariate model. The models used baseline serum
25(OH)D as an exposure, further adjusting for age, sex, BMI, education,
and season of blood collection in model 2; additionally adjusting
for smoking, alcohol use, physical activity score, and chronic medical
conditions score in model 3; and also for log-transformed plasma PLP,
and number of fruit servings and vegetable servings/d in model 4.

To assess model fit, we used Akaike information criterion (AIC),
Bayesian information criterion (BIC), and log-likelihood ratio statistics.
We chose our final model as that which provided lower AIC and BIC,
and higher log-likelihood values, which suggest better model fit. We
used the autoregressive covariance structure for fitting the random
intercept-random slope repeated measures mixed-effect model. The
autoregressive covariance structure has homogeneous variances and
assumes the highest correlation between the 2 outcome measurements
that are closest to each other in time and gets weaker with measures
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Identified*

n=2170

Excluded from the BPRHS cohort?
n="77 (3.6%)

[ )

+
Invited to participate
n = 2093 (96.4%)
f ) 3
Agreed to participate Declined participation®
n=1811 (86.5%) n =282 (13.5%)

)

[

Eligible to participate
n=1802 (99.5%)

Excluded due to Low MMSE score®
n=9(0.5%)

J

Completed baseline interview
n=1500 (83.2%)

[ —

)

Extreme serum 25(OH)D concentration’
n=1(0.07%)

Available for analyses
n = 1499 (100%)

y

Complete baseline Complete baseline Complete baseline
serum 25(OH)D and serum 25(OH)D and serum 25(OH)D and
CES-D data® year 2 CES-D data’ year 5 CES-D data®

n = 1434 (95.6%)

n=1218 (81.2%)

n =914 (61.0%)

FIGURE 1 Flow diagram of participants included in the analysis. 'ldentified as Puerto Rican; 2excluded due to serious illness/being homeless
or if the participant moved away from study area; 3declined participation due to being busy, lack of interest, or refused to have blood drawn;
4excluded due to low Mini Mental State Examination Score (MMSE <10); ®excluded due to extreme serum 25(0OH)D concentration of 160 ng/mL;
Sparticipants with complete baseline serum 25(0OH)D and CES-D data; ’participants with complete baseline serum 25(0H)D and year-2 CES-D
data; 8participants with complete baseline serum 25(0H)D and year-5 CES-D data. BPRHS, Boston Puerto Rican Health Study; CES-D, Center
for Epidemiologic Studies Depression Scale; 25(0OH)D, 25-hydroxyvitamin D.

that are further apart. The Ime package in ‘R Foundation’ was used to
perform linear mixed-effect modeling.

To examine whether CES-D trajectory over time varied by baseline
serum 25(OH)D concentration, we tested for interaction with baseline
25(OH)D by including a time x serum 25(OH)D multiplicative term
in our fully adjusted linear mixed model. We also conducted several
sensitivity analyses, including modeling serum 25(OH)D as a linear,
instead of a categorical predictor, restricting analysis to participants
not taking vitamin D supplements, as well as restricting to participants
with complete serum 25(OH)D and CES-D data at all 3 time points. We
examined whether participants with complete data on serum 25(OH)D
and CES-D at all 3 time points differed from those who did not have
complete data. We conducted additional sensitivity analyses adjusted
for MeD, plasma vitamin B-12 (picomoles per liter) and plasma folate
(nanograms per milliliter) concentrations, marital status, food security
status, and ADL variables. All analyses were conducted using ‘R
Foundation’ statistical software, version 3.5.3.

Results

At baseline, the mean + SD age of participants was 57.0 +
7.6 y, and 70% of the study population was female. Almost
57% of the cohort was obese and 30% was overweight. The
values of range and mean + SD for serum 25(OH)D and
depressive symptomatology were as follows: 4-48 ng/mL and
17.4 £ 6.8 ng/mL for baseline serum 25(OH)D; 0-60 and
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20.3 & 13.2 for baseline CES-D; 0-54 and 18.1 & 12.4 for year-
2 CES-Djand 0-52 and 16.2 + 11.2 for CES-D at year-5 follow-
up visit. We reported the baseline range and mean for all the
other continuous covariates in our analysis: BMI (17.0-63.8;
31.8), physical activity score (24.3—-62.6; 31.6), baseline chronic
medical condition score (0-10.2; 2.8), vitamin B-6 (PLP)
concentration (5.5-737; 56.3 nmol/L), plasma concentration of
vitamin B-12 and folate (57.6-1895.2 and 401.2 pmol/L; and
2.6-87.6 and 18.9 ng/mL, respectively). At baseline, 39% of
the cohort reported diabetes, 68% hypertension, 51% arthritis,
13% heart disease, 4% stroke, 38% respiratory diseases, 16 %
gallbladder diseases, 12% kidney diseases, 6% cancer except
skin, 9% hepatitis, and 8% reported to have had heart attack
in the past. Food insecurity was reported by 27% of the cohort,
and 29% reported being married/living with partner in the
household.

Participants with sufficient serum 25(OH)D were older, had
lower BMI and higher plasma PLP (vitamin B-6), vitamin
B-12, and folate concentrations, and higher fruits servings/d
intake than those with deficient 25(OH)D (Table 1). They
were also less likely to be heavy alcohol users, more likely to
be never smokers, and more likely to have had blood drawn
during the summer, compared with participants deficient in
25(OH)D. Physical activity score, chronic medical condition
score, number of vegetable servings/d, and proportions
according to sex, education, marital status, food security



TABLE 1 Baseline characteristics of the 1434 participants by serum 25(0OH)D status'

Deficient (<12 ng/mL)

Insufficient (12 to

Sufficient (>20 ng/mL)

n=293 <20 ng/mL) n= 641 n="500 Pvalue?
Serum 25(0H)D, ng/mL 90+ 18 155 + 23 249 + 47
CES-D score 20.0 + 136 21.0 + 133 19.8 + 13.0 0.3
Age, y 558 £ 7.3 572 +£ 7.6 574 £ 7.6 <0.01**
BMI, kg/m? 327 +74 320 £ 6.7 312 +59 <0.01**
Physical activity score® 312 +£ 44 315 £ 50 318 £ 47 0.3
Chronic medical condition score* 27+ 16 28 £ 17 27 +£16 0.7
Plasma vitamin B-6, nmol/L 414 + 31.0(43.0P 52.1 &+ 44.4(30.9¢ 704 + 796(21.8) <0.007%*
Fruits daily serving, g/d® 16+ 14 18+17 17+15 0.05
285 4 313 331 4 366 299 + 316
Vegetables daily serving, g/d® 22+ 14 22+ 14 22+ 15 09
249 + 147 253 + 154 232 + 134
Plasma vitamin B-12, pmol/L 364 £+ 217 384 + 186 445 + 223 <0.001***
Plasma folate, ng/mL 16.2 + 6.7 189 + 84 205 £ 92 <0.007***
Mediterranean diet score’ 49 + 14 49 + 15 49 + 15 1.0
Sex 0.35
Male 90(31.0) 195(30.0) 138(28.0)
Female taking estrogen and/or premenopausal 47 (16.0) 83(13.0) 62(12.0)
Female not taking estrogen and/or postmenopausal 156 (53.0) 363 (57.0) 300 (60.0)
Education 0.1
No schooling or below ninth grade 124 (42.0) 320(50.0) 223(45.0)
Ninth grade to 12th grade/GED 116 (40.0) 235(37.0) 196 (39.0)
At least some college education 53(18.0) 85(13.0) 80(16.0)
Smoking status 0.04*
Never 117 (40.0) 281(44.0) 245(49.0)
Past smoker not current 87(30.0) 197(31.0) 150 (30.0)
Current smoker 88(30.0) 162 (25.0) 105(21.0)
Alcohol use 0.02*
None within past year 154 (53.0) 368 (58.0) 266 (53.0)
Moderate® 100 (35.0) 220 (35.0) 198 (40.0)
Heavy? 36(12.0) 46 (7.0) 33(7.0)
Season of blood collection <0.007***
Summer 49 (17.0) 222(35.0) 208 (42.0)
Fall 66 (22.0) 164 (25.0) 151(30.0)
Winter 78(27.0) 114(18.0) 70(14.0)
Spring 100 (34.0) 141(22.0) 71(14.0)
Marital status 08
Married/partner in the household 90(30.8) 182 (28.5) 147 (29.5)
Unmarried/divorced/widowed 202 (69.2) 457 (71.5) 352(70.5)
Food security status 1.0
Food secure 208 (73.0) 453 (73.1) 363 (73.6)
Food insecure/food insecure with hunger 77 (27.0) 167 (26.9) 130 (26.4)
ADL 09
No impairment 88(30.0) 192 (30.0) 143 (28.7)
Moderate to considerable impairment'? 205(70.0) 448 (70.0) 356 (71.3)

"Values are mean (£SD) for continuous variables and frequency (%) for categorical variables. ADL, activities of daily living; CES-D, Center for Epidemiologic Studies Depression
Scale; GED, General Education Diploma; 25(0H)D, 25-hydroxyvitamin D.

2Values represent ANOVA P value for continuous and x? P value for categorical variables. *P < 0.05; **P < 0.01; ** P< 0.001.

3Weighted score of daily activities per 24 h, including hours spent per day sleeping and lying down, or performing sedentary, light, moderate, or vigorous activities.
4Computed using the mean imputation technique, includes medical conditions such as diabetes, hypertension, arthritis, heart attack, heart disease (other than heart attack),
stroke, respiratory disease, liver or gallbladder disease, kidney disease, Parkinson disease, any cancer except skin, tuberculosis, hepatitis (type A, B, or C), and AIDS/HIV

positive.

5Percentage of participants with plasma pyridoxal-5’-phosphate concentration <30 nmol/L.

8Grams per day for fruits and vegetables were computed from the FFQ and can differ from servings based on differing weights within the groups.
"Measures adherence to 9 different dietary components: grains, vegetables, fruits, legumes/pulses/nuts, fish, monounsaturated to saturated fat intake ratio especially olive oil,
meat/poultry, dairy products, and alcohol; score ranges from 0-9.

8(<1 drink/d for women, or <2 for men).
9(>1 drink/d for women and >2 for men).

"Moderate/considerable impairment is considered as difficulty performing 1-5 ADL of 12 activities due to a health condition or disability, whereas considerable impairment is

defined as difficulty performing >6 ADL of 12.
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TABLE 2 Cross-sectional association between serum 25(0OH)D category and depressive
symptoms (CES-D scores) (n = 1434) in the Boston Puerto Rican Health Study at baseline’

Sufficient (ref) Insufficient (12 to Deficient
(>20 ng/mL) <20 ng/mL) (<12 ng/mL) P-trend
Model 12 Ref 1.15(-0.40, 2.70) 0.25(—1.66,2.17) 0.56
Model 2° Ref 1.14(-0.39, 2.67) 0.35(—1.58, 2.29) 0.49
Model 3* Ref 0.76 (—0.72,2.25) —0.44(—2.35, 1.46) 0.90
Model 4° Ref 0.50(—1.00, 2.00) —0.85(—2.80, 1.10) 0.59

"Values are B (95% Cl). CES-D, Center for Epidemiologic Studies Depression Scale; 25(0H)D, 25-hydroxyvitamin D.

2Univariate model (n = 1434).

3Model adjusted for age, sex, BMI, education, season of blood collection (n = 1420).

“Model 2 additionally adjusted for smoking status, alcohol use, physical activity score, and chronic medical conditions score
[conditions include diabetes, hypertension, arthritis, heart attack, heart disease (other than heart attack), stroke, respiratory disease,
liver or gallbladder disease, kidney disease, Parkinson disease, cancer except skin, tuberculosis, hepatitis (type A, B, or C), and

AIDS/HIV positive] (n = 1398).

5Model 3 additionally adjusted for log-transformed plasma pyridoxal-5’-phosphate concentration 4 fruit servings/d + vegetable

servings/d) (n = 1394).

status, and functional ADL categories did not differ significantly
across serum 25(OH)D categories. In cross-sectional analyses
at baseline, after adjusting for covariates, serum 25(OH)D was
not associated with CES-D score (8 = —0.85; 95% CI: —2.80,
1.10 for deficient compared with sufficient; P-trend = 0.59)
(Table 2, model 4). Similarly, in the fully adjusted longitu-
dinal model, baseline serum 25(OH)D was not significantly
associated with depressive symptoms over 5 y (8 = —0.41;
95% CI: —1.95, 1.13 for deficient, compared with sufficient;
P-trend = 0.93) (Table 3, model 4). After adjusting for age,
sex, BMI, education, and season of blood collection, there was
a significant association between insufficient but not deficient
serum 25(OH)D and higher CES-D score (8 = 1.43; 95% CI:
0.21, 2.65) (Table 3, model 2). This association was attenuated
after controlling for smoking status in the model (8 = 1.18;
95% CI: —0.03, 2.38). Sensitivity analyses among nonusers of
vitamin D supplements (Supplemental Table 1, model 4) as well
as among participants with complete data on serum 25(OH)D
and CES-D at all 3 time points (Table 4, model 4) yielded
similar results (8 = —0.34; 95% CI: —1.94, 1.27 for deficient
compared with sufficient; P-trend = 0.95; and g = —0.12;
95% CI: —1.98, 1.74 for deficient compared with sufficient,
P-trend = 0.93, respectively). Results of longitudinal analysis,
using serum 25(OH)D as a linear predictor (Supplemental
Table 2, model 4), were consistent with findings in the baseline
analyses (8 = 0.004; 95% CI: —0.08, 0.09; P = 0.91). We
did not observe a significant interaction with time: baseline
serum 25(OH)D did not modify the CES-D trajectory over 5y
(P-interaction = 0.43).

Participants with complete data on serum 25(OH)D and
CES-D at all time points had lower mean serum 25(OH)D
concentration (ANOVA P = 0.02), higher BMI (ANOVA
P < 0.001), higher percentage male, lower percentage
postmenopausal/non-estrogen—using women (x> P = 0.06),
more non-alcohol-users, and fewer heavy drinkers (x?
P = 0.009) compared with those who had >1 missing measure
of serum 25(OH)D or CES-D over the course of 3 follow-
up waves (Supplemental Table 3). Other characteristics,
including age, CES-D score, physical activity score, chronic
medical condition score, plasma PLP concentration, educational
level, and smoking status did not differ significantly between
participants with complete 25(OH)D and CES-D measures
at all 3 time points, and those with >1 missing measure
(Supplemental Table 3). Adjusting for MeD score instead of
fruit and vegetable intake in our fully adjusted longitudinal
model did not alter results substantially [8 = —0.37; 95%
CL: —1.91, 1.16 for deficient compared with sufficient serum
25(OH)D]. Additionally, adjusting for vitamin B-12, folate,
marital status, food security status, or ADL in the same model,
yielded results similar to our main analyses [ = —0.43; 95%
CL: —1.95, 1.10 for deficient compared with sufficient serum
25(0OH)D].

Discussion

We did not observe a significant association between serum
25(OH)D and self-reported depression over 5 y of follow-up

TABLE 3 Longitudinal association of baseline serum 25(0OH)D category and 5-y change in
depression (CES-D scores) in the Boston Puerto Rican Health Study’

Sufficient (ref) Insufficient (12 to Deficient
(>20 ng/mL) <20 ng/mL) (<12 ng/mL) P-trend
Model 12 Ref 1.48(0.23,2.73) 0.76 (—0.77, 2.30) 0.16
Model 2° Ref 1.43(0.21, 2.65) 0.67(-0.87,2.21) 0.19
Model 3* Ref 1.02(—0.16, 2.21) —0.16 (—1.67, 1.35) 0.79
Model 4° Ref 0.82(-0.37,2.02) —0.41(-1.95,1.13) 0.93

"Values are B (95% Cl). CES-D, Center for Epidemiologic Studies Depression Scale; 25(0H)D, 25-hydroxyvitamin D.

2Univariate model (adjusted for visit).

3Model adjusted for age, sex, BMI, education, season of blood collection, visit.

“Model 2 additionally adjusted for smoking status, alcohol use, physical activity score, and chronic medical conditions score
[diabetes, hypertension, arthritis, heart attack, heart disease (other than heart attack), stroke, respiratory disease, liver or gallbladder
disease, kidney disease, Parkinson disease, cancer except skin, tuberculosis, hepatitis (type A, B, or C), and AIDS/HIV positive].
5Model 3 additionally adjusted for log-transformed plasma pyridoxal-5'-phosphate concentration + fruit servings/d + vegetable

servings/d.
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TABLE 4 Longitudinal sensitivity analyses restricted to n = 887 participants with complete data on
baseline serum 25(0H)D and depressive symptoms (CES-D score) at all 3 time points’

Normal (ref) Insufficient Deficient

(>20 ng/mL) (12 to <20 ng/mL) (<12 ng/mL) P-trend
Model 12 Ref 1.54(0.04, 3.06) 0.83(—0.99, 2.65) 0.26
Model 2° Ref 1.33(—0.14, 2.80) 0.86 (—0.97, 2.70) 0.25
Model 3 Ref 0.93(—0.51,2.38) 0.08(1.75,1.91) 0.76
Model 4° Ref 0.79(—0.66, 2.25) —0.12(—1.98, 1.74) 0.93

"Values are g (95% Cl). CES-D, Center for Epidemiologic Studies Depression Scale; 25(0H)D, 25-hydroxyvitamin D.

2Univariate model (adjusted for visit).

3Model adjusted for age, sex, BMI, education, season of blood collection, visit.

“Model 2 additionally adjusted for smoking status, alcohol use, physical activity score, and chronic medical conditions score
[diabetes, hypertension, arthritis, heart attack, heart disease (other than heart attack), stroke, respiratory disease, liver or gallbladder
disease, kidney disease, Parkinson disease, cancer except skin, tuberculosis, hepatitis (type A, B, or C), and AIDS/HIV positive].
5Model 3 additionally adjusted for log-transformed plasma pyridoxal-5'-phosphate concentration + fruit servings/d + vegetable

servings/d.

in this cohort of Boston-area Puerto Rican adults. Vitamin D
has been hypothesized to benefit the neurological system
via anti-inflammatory, antioxidant properties and its role in
calcium homeostasis, neurogenesis, immunomodulation, and
clearance of B-amyloid (14, 31, 70-72). Several studies have
suggested that lower serum 25(OH)D can be associated
with higher risk of depression (32, 33, 37-39, 41, 73). A
systematic review and meta-analysis focusing on the association
between serum 25(OH)D and depression noted a significantly
increased HR (HR = 2.21; 95% CI: 1.40, 3.49) for lowest
compared with highest vitamin D categories (74). A study
by Williams et al. (36), mentioned previously, also reported
no association between serum 25(OH)D and depression at
baseline, but observed increased depression over time and
significant association with 25(OH)D at 2-y and 4-y follow-ups,
suggesting a long-term effect of vitamin D. Studies focusing on
the association between dietary intake of vitamin D as well as
vitamin D supplement use and depression have yielded mixed
results (75-78).

Studies evaluating the association between serum 25(OH)D
and depression include age, BMI, physical activity, education,
alcohol, and smoking in analyses, because they are commonly
considered confounders (46, 47, 79). Factors such as higher
BMI and lower physical activity (80-82), smoking (83, 84),
and excessive alcohol use (85, 86) are associated with higher
depressive symptomatology as well as lower serum 25(OH)D in
the literature. Consistently, we observed that serum 25(OH)D
deficiency was associated with higher BMI, current smoking
status, and heavy alcohol use. Lower physical activity score, and
current but not past smoking status was associated with higher
CES-D score in the BPRHS. In addition to these commonly
considered confounders, we included several other covariates in
our models. Instead of adjusting for a dichotomous sex variable
(female compared with male), we additionally accounted for
the estrogenic status of women. It is well documented that
women are at higher risk of depression compared with males
(87), but that this risk is associated with fluctuations in
estrogen concentration (88, 89). We adjusted for season of
blood collection due to its well-documented association with
vitamin D status (90) and depression, especially seasonal
affective disorder (91, 92). Serum 25(OH)D concentration is
usually higher during the summer season and drops during
the winter. Seasonal affective depressive disorders are more
prevalent during the winter season, when sunlight or exposure
to sunlight is limited. We adjusted for chronic medical
condition score as a measure of individuals’ overall health

and well-being in our main models. Suffering from >1 chronic
diseases can increase the risk of developing depression, and
depression itself can contribute to poor physical health (93).
As expected, we observed a significant association between
higher chronic medical condition score and depression in this
cohort. Multiple micronutrients are essential for maintaining
optimal brain health (94). Suboptimal intakes of B vitamins,
particularly vitamin B-6 (95, 96), folate, and vitamin B-12
(97), are well documented for their adverse neurological
effects, including on depression. Additionally, vitamin B-6
inadequacy (PLP <30 nmol/L) was previously associated
longitudinally with greater depressive symptomatology in this
cohort. Thus, we adjusted for plasma vitamin B-6 (PLP) in all
models, while adjusting for plasma vitamin B-12 and folate
in additional sensitivity analysis. Participants in the sufficient
vitamin D category were also more likely to have sufficient
vitamin B-6 concentration, compared with those deficient or
insufficient. We also included fruit and vegetable intake as
a variable in our models, due to the potential association
of overall dietary quality with vitamin D status as well as
depression (98).

We evaluated several other covariates, such as adherence to
MeD (99), as a measure of dietary quality or a healthy diet, and
marital status, food security status (100), and ADL, as measures
of functional impairment and frailty (101), due to their potential
association with depression reported in the literature.

Differing study designs and study populations, as well
as differences in how depression is assessed, could have
contributed to inconsistent findings in studies of the association
between 25(OH)D and depression. Not all studies use the same
cutoffs for evaluating vitamin D status. Some studies have
used serum 25(OH)D <20 ng/mL for vitamin D inadequacy,
whereas others have used <30 ng/mL or <40 ng/mL. Some
studies have categorized serum 25(OH)D in quartiles or as a
linear predictor (14, 15, 36, 46, 102), which can contribute
to variability in reported findings. We used <20 ng/mL for
insufficiency and <12 ng/mL for deficiency, as suggested by the
FNB at the Institute of Medicine of the National Academies (57,
58) as well as current literature supportive of this categorization
(103-105). We also conducted analysis using serum 25(OH)D
as a linear predictor, the results of which were consistent with
our categorical analyses.

Examining the association between vitamin D status and
depression in this cohort is challenging because Puerto Rican
adults living in the US mainland have unique social, cultural,
and dietary structures that can influence their physical, mental,
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and emotional health outcomes. Complex mechanisms involv-
ing different risk factors specific to this population could exist.
Although we tried to incorporate several demographic, social,
and dietary covariates in our analyses, residual confounding is
possible, and could contribute to the observed lack of asso-
ciation. This population has a substantially higher prevalence
of chronic conditions, poverty, and lower educational status
than the general population (52), which could have impacted
our results. As with any epidemiolocal study, we cannot fully
rule out the possibility of selection bias. It is possible that
individuals with pre-existing depression might have chosen
not to enroll in the study or might be more likely to be lost
to follow-up after enrollment, compared with nondepressed
individuals. If differential selection or loss is simultaneously
related to 25(OH)D, selection bias could occur. However,
the mean CES-D score in participants who had complete
data at all time points did not differ significantly (P = 0.2),
from those who had incomplete data (Supplemental Table 3),
suggesting that depressive symptomatology did not contribute
substantially to missing data or loss to follow-up in this
cohort.

With 3 measures from >900 participants, 2 measures from
>1200, and baseline from >1400 participants, the study was
well powered to detect an association between serum 25(OH)D
and depressive symptoms. Despite the lack of association
observed in this study, our analyses highlighted several other
important relations. The empirical literature suggests several
risk factors for depression, which include but are not limited
to, being female, lower education, poverty, poor nutrition,
lack of physical activity, having other chronic diseases and
impairments, smoking, and excessive alcohol use. Consistent
with the literature, our findings support several of these
associations.

This study has several strengths, including longitudinal
design, repeated measures of CES-D at 3 time points, adjustment
for key covariates, and accurate assessment of serum 25(OH)D,
allowing us to examine associations over the course of 5 y
of follow-up. Serum 25(OH)D is a well-accepted and widely
used biomarker for vitamin D status. The CES-D scale has
been reported as a reliable measure of self-reported depression
among the Puerto Rican adult population (60, 61), and it
correlates well with the DSM-IV categories of depression in
Hispanics (62), providing a reliable measure of depression
assessment in this study population.

Our study also has several limitations. Although we adjusted
for covariates in our models, there is still a possibility of
residual confounding, due to factors other than the covariates
we included. Lastly, this study was conducted specifically in the
adult Puerto Rican population residing in the United States.
Although pathophysiology between vitamin D and depression
would be expected to exist across populations, the pathways
relating these measures might differ across populations; there-
fore, our findings might not be fully generalizable to other
populations.

In summary, our study results do not support the association
between vitamin D status and self-reported depressive symp-
tomatology in Boston-area Puerto Rican adults over the course
of 5 y. Although we did not observe a significant association
between serum 25(OH)D and depressive symptoms in this
cohort, this finding does not alter the public health and clinical
recommendation regarding the importance of maintaining
sufficient vitamin D status for general health. Further studies
are needed on the role for vitamin D in depression in diverse
populations.
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