Nf' British Journal of Nutrition

British Journal of Nutrition (2020), 124, 729-735 doi:10.1017/S0007114520001580

© The Authors 2020

Predictors of decline in vitamin D status in middle-aged and elderly individuals:
a 5-year follow-up study

Kazutoshi Nakamura'*, Kaori Kitamura!, Yumi Watanabe!, Toshiko Saito?, Akemi Takahashi?,
Ryosaku Kobayashi®, Rieko Oshiki®, Keiko Kabasawa®, Ribeka Takachi’, Shoichiro Tsugane6,
Masayuki Iki’, Ayako Sasaki® and Kei Watanabe’

 Division of Preventive Medicine, Niigata University Graduate School of Medical and Dental Sciences, Niigata 951-8510, Japan
*Department of Health and Nutrition, Niigata University of Health and Welfare, Niigata 950-3198, Japan

3Department of Rebabilitation, Niigata University of Rebabilitation, Niigata 958-0053, Japan

4Department of Health Promotion Medicine, Niigata University Graduate School of Medical and Dental Sciences, Niigata 951-
8510, Japan

SDepartment of Food Science and Nutrition, Nara Women'’s University Graduate School of Humanities and Sciences, Nara 630-
8500, Japan

Center for Public Health Sciences, National Cancer Center, Tokyo 104-0045, Japan

"Department of Public Health, Kindai University Faculty of Medicine, Osaka 589-8511, Japan

SMurakami Public Health Centre, Niigata 958-0864, Japan

°Division of Orthopaedic Surgery, Niigata University Hospital, Niigata 951-8520, Japan

(Submitted 9 December 2019 — Final revision received 27 March 2020 — Accepted 23 April 2020 — First published online 7 May 2020)

Abstract

Little is known about predictors of decline in vitamin D status (vitamin D decline) over time. We aimed to determine demographic and lifestyle
variables associated with vitamin D decline by sufficiently controlling for seasonal effects of vitamin D uptake in a middle-aged to elderly
population. Using a longitudinal study design within the larger framework of the Murakami Cohort Study, we examined 1044 individuals aged
between 40 and 74 years, who provided blood samples at baseline and at 5-year follow-up, the latter of which were taken on a date near the
baseline examination (£14 d). Blood 25-hydroxyvitamin D (25(OH)D) concentrations were determined with the Liaison® 250OH Vitamin D Total
Assay. A self-administered questionnaire collected demographic, body size and lifestyle information. Vitamin D decline was defined as the
lowest tertile of 5-year changes in blood 25(OH)D (A25(OH)D) concentration (<6-7 nmol/]). Proportions of those with vitamin D decline were
182/438 (41-6 %) in men and 166/606 (27-4 %) in women (P < 0-0001). In men, risk of vitamin D decline was significantly lower in those with an
outdoor occupation (P = 0-0099) and those with the highest quartile of metabolic equivalent score (OR 0-34; 95 % CI 0-14, 0-83), and higher in
those with ‘university or higher’ levels of education (OR 2-92; 95 % CI 1-04, 8-19). In women, risk of vitamin D decline tended to be lower with
higher levels of vitamin D intake (P yeng = 0-0651) and green tea consumption (Pro; grena = 0-0025). Predictors of vitamin D decline differ by sex,
suggesting that a sex-dependent intervention may help to maintain long-term vitamin D levels.
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Vitamin D is an essential nutrient required for maintenance of
normal bone metabolism® and regulation of ageing by control-
ling the activity of a number of ageing processes®. Accordingly,
vitamin D deficiency leads to skeletal defects that increase the
risk of osteoporosis, as well as to non-skeletal effects that
increase the risk of age-related chronic diseases including
cancer, CVD and type 2 diabetes®®. Vitamin D deficiency is
becoming a global health problem”®. When vitamin D defi-
ciency is defined as a blood 25-hydroxyvitamin D (25(OH)D)

concentration <50 nmol/l (20 ng/mD), more than half of the
adult populations worldwide are considered to be vitamin D
deficient”®.

Against this backdrop, researchers have tried to identify
predictors of vitamin D deficiency that would prevent such a
disorder, and a number of factors including low ambient UV
radiation, inadequate sun exposure, low vitamin D intake and
physiological factors have been reported®. Lifestyle is also
reported to play a role®. To date, most epidemiological studies

Abbreviations: 25(OH)D, 25-hydroxyvitamin D; MET, metabolic equivalent.
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on predictors of vitamin D levels have been conducted using a
cross-sectional design, and only a few longitudinal studies
have clarified predictors of natural changes in vitamin D levels
in healthy middle-aged®!" and older people"®'®. Among
these, three studies!'~'® aimed to identify demographic factors,
BMI and season in relation to changes in blood 25(OH)D.
Skaaby et all” explored lifestyle factors associated with
longitudinal changes in blood 25(OH)D in participants of a
lifestyle-modification-based randomised controlled trial. How-
ever, because their findings were obtained in a randomised
controlled trial setting, blood 25(OH)D concentrations had
increased by the end of follow-up, and predictors of vitamin D
decline in vitamin D status (hereafter, ‘vitamin D decline’) could
not be analysed.

The main purpose of the Murakami Cohort Study, a population-
based cohort study, was to investigate the effects of vitamin D on
age-related chronic diseases”!'®. In the baseline study,
our cross-sectional data indicated that a number of socio-
demographic and lifestyle factors were associated with low
vitamin D levels®. In this framework, blood 25(OH)D concentra-
tions of participants have been assessed at baseline and 5-year
follow-up, that enabled us to evaluate changes in vitamin D
levels. One difficulty of examining predictors of change in
25(OH)D concentrations relates to the date of blood collection,
because seasonal variation in blood 25(OH)D concentrations
is large®'V. Notably, previous studies did not accurately
control for seasonal effects on changes in blood 25(OH)D
concentrations''>!'¥. To address this issue, we only used
follow-up blood samples date-matched to the baseline samples
to measure follow-up blood 25(OH)D concentrations. The pur-
pose of the present study was to determine predictive factors
of vitamin D decline over 5years in middle-aged to elderly
individuals. In addition, we compared blood 25(OH)D concen-
trations at baseline with those 5 years later.

Methods
Study design and participants

The present study analysed longitudinal data from a population-
based cohort study of age-related musculoskeletal diseases in
the Murakami region of Niigata, Japan, specifically targeting
individuals aged between 40 and 74 years (Murakami Cohort
Study(m). At baseline, 8497 individuals agreed to participate
in the blood examination. Of these, 2736 who participated in
the community-based health check examination provided by
the local government were selected to form the study population
for long-term follow-up, which included biochemical sampling
and analysis. Of the 2736, 2341 participated in the health check
examination 5 years later and provided a blood sample. Of the
2341, we were limited to 1053 blood samples that were taken
between May and July near the date of the baseline examination
(£14 d) to use for the biochemical analysis of 25(OH)D, because
the season and month when a blood sample is collected can
be strong determinants of blood 25(OH)D concentrations .
Two men (0-5%) and seven women (1-1%) used vitamin D
supplements, and these individuals were excluded because
amounts of supplements were not determined. Ultimately,

1044 participants were analysed. Informed consent was
obtained from all participants of the Murakami Cohort Study.
The Ethics Committee of Niigata University approved the study
protocol.

Baseline examination

In 2011-2013, we conducted a baseline investigation of the
Murakami Cohort Study, in which participants completed a
self-administered questionnaire about their lifestyle information
and we took measurements of their 25(OH)D concentrations.
Non-fasting blood specimens were obtained using EDTA-2Na-
containing tubes, and plasma 25(OH)D concentrations were
determined with the Liaison® 250H Vitamin D Total Assay
(DiaSorin Inc.). Intra- and inter-assay CV values at baseline were
3.2-81 and 6-9-12-7%, respectively. Details of 25(OH)D
measurement were described previously®. Serum creatinine
concentrations were measured by the enzymatic method in
the health check examination in 909 of 1044 participants, and
we estimated glomerular filtration rate (ml/kg per 1-73 m?)
using the Japanese equation as follows: 194 X (serum creati-
nine) %% x age (years)*?7 (x0-739 (for women))*>.

The self-administered questionnaire asked about participant
demographic characteristics, height, weight and lifestyles.
Demographic characteristics included age, sex, occupation
(outdoor job such as farmer/fisherman or others), education
level and vitamin D supplement use. BMI was calculated by
dividing weight (kg) by height squared (m?). Physical activity
levels were assessed by determining participant metabolic
equivalent (MET) score (MET-h/d), obtained by multiplying
the time score spent with activities by its MET intensity™'®,
Time spent outdoors per d in the last week (<20, 20-39,
40-59, 60-179 and >180 min/d) and sunscreen use were deter-
mined. Vitamin D intake and Ca intake were assessed with a
validated FFQ"”. Smoker status was classified as non-smoker,
past smoker, current smoker <20 cigarettes/d or current smoker
>20 cigarettes/d. Alcohol consumption was classified into five
categories: (1) non- or rare drinkers, (2) 1-149, (3) 150-299,
(4) 300-449 or (5) >450g ethanol per week. Consumption
of green tea and coffee was classified as (1) <1 cup/week,
(2) 1-6 cups/week, (3) 1-3 cups/d and (4) >4 cups/d. Details
of the questionnaire survey are described elsewhere/'?,

Determination of 25-hydroxyvitamin D concentrations
at the 5-year follow-up examination

The 5-year follow-up examination was conducted as an annual
health check examination provided by the local government in
2016 and 2017. Non-fasting blood (serum) was collected, and
serum 25(OH)D concentrations were determined with the
Liaison® 250H Vitamin D Total Assay. Intra- and inter-assay
CV values were 5-1-6-9 and 6-3-7-3 %, respectively. Although
plasma and serum 25(OH)D concentrations were very highly
correlated, the absolute values differed slightly. Using our sub-
samples at baseline (n 77), Spearman’s correlation coefficient
between the two was calculated to be 0-960, and its regression
equation was (plasma 25(OH)D at baseline) = 0-88 X (serum
25(OH)D 5 years later) + 2-79. In this equation, serum 25(OH)D
concentrations measured at the 5-year follow-up were
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Table 1. Participant baseline characteristics by sex

(Mean values and standard deviations; numbers of participants and percentages)

Men Women

Characteristics Mean sD n Mean SD n P by ttest
Age (years) 65-3 6-8 438 642 6.7 606 0-0079
Height (cm) 164-6 6-2 438 1525 55 606 <0-0001
Weight (kg) 63-5 88 438 52-6 71 606 <0-0001
BMI (kg/m?) 234 27 437 22:6 2.8 603 <0-0001
MET score* (MET-h/d) 451 66 435 44.2 64 606 0-0251
Vitamin D intake* (mg/d) 10-6 10-2 432 124 13-2 602 0-0019
Ca intake* (mg/d) 590 503 433 745 566 604 <0-0001
Estimated glomerular filtration rate (ml/min per 1.73 m?) 75-3 14.5 395 750 138 514 0-8013
Stay outdoors >1h

% 63-9 359 <0-0001

n 429 596
Sunscreen use

% - 42.2 <0-0001

n 431 595
Blood 25(OH)D (nmol/l) 56-1 168 438 451 15.0 606 <0-0001

MET, metabolic equivalent; 25(OH)D, 25-hydroxyvitamin D.
* Values were log-transformed when conducting the ¢ test.

adjusted to plasma value equivalents. In the present study, we
aimed to determine characteristics of individuals exhibiting
apparent vitamin D decline, which was defined as the lowest
tertile of 5-year changes in blood 25(OH)D (A25(OH)D) con-
centration (<-6-8 nmol/D). Mean A25(OH)D concentration in
the lowest tertile was —15-0 (sp 7-3) nmol/l (12 348), and that in
the other tertiles combined was 4-5 (sp 8-3) nmol/l (2 691).

Statistical analysis

All continuous variables were assessed for normality. Because
MET scores, vitamin D intake, Ca intake and estimated glomeru-
lar filtration rate were skewed to higher values, they were
logarithmically transformed when statistical tests were con-
ducted. Regarding BMI, MET score, vitamin D intake, Ca intake
and estimated glomerular filtration rate, values exceeding +3 sp
were considered outliers and excluded. A statistical difference in
mean values between two groups was evaluated by 7 test.
Strength of correlation and agreement between baseline and
follow-up blood 25(OH)D concentrations were assessed with
Pearson’s correlation coefficient and weighted « coefficient,
respectively. Linear associations between predictor variables
at baseline and 5-year changes in blood 25(OH)D (A25(OH)D)
concentrations were assessed by linear regression analysis,
adjusting for baseline 25(OH)D concentrations, because
baseline 25(OH)D was the strongest predictor of A25(OH)D
(f=-0-42, R* 0-320, P < 0-0001). Associations between predic-
tor variables at baseline and vitamin D decline were assessed
with OR calculated by multiple logistic regression analyses,
adjusting for all other predictor variables (age (continuous),
BMI (continuous), education level, MET score (continuous),
vitamin D intake (continuous), outdoor occupation (dummy
variable), time spent outdoors, sunscreen use (dummy variable),
smoking, alcohol consumption, green tea consumption, coffee
consumption and baseline 25(OH)D concentrations. Pio; end
values were calculated with multiple logistic regression analysis.
SAS (release 9.13; SAS Institute Inc.) was used for statistical
analyses. P < 0-05 was considered statistically significant.

Results

Baseline participant characteristics are shown by sex in Table 1.
A significant sex-dependent difference was found in all
variables, except for estimated glomerular filtration rate. Mean
blood 25(OH)D concentrations at the 5-year follow-up were
52-1 (sp 15-7) nmol/l in men and 44-7 (sp 12-9) nmol/l in women
(P<0-0001), and mean A25(OH)D concentrations were —4-0
(sp 15-2) nmol/l in men and -0-4 (sp 12:4) nmol/l in women
(P<0-0001). Mean A25(OH)D concentrations according to age
group by sex are shown in online Supplementary Table S1.
Proportions of those showing vitamin D decline (A25(OH)D
<-6-7nmol/D) during the 5years were 182/438 (41-6%) in
men and 166/606 (27-4 %) in women (P < 0-0001). Changes in
body weight in 970 of 1044 participants, measured by a precise
method in the health check examination, are shown in online
Supplementary Table S2.

25(OH)D concentrations at the 5-year follow-up were
significantly correlated with baseline 25(OH)D concentrations
(P<0-0001, 70-621). Agreement of quartiles of blood 25(OH)D
concentrations at baseline and 5 years later is shown in Table 2.
Simple and weighted « coefficients were 0-31 (95 % CI 0-27,
0-35) and 0-47 (95 % CI 0-43, 0-51), respectively.

Baseline 25(OH)D concentrations were robustly associated
with  A25(OH)D  concentrations (f=-0-46, P <0-0001,

Table 2. Quartiles of blood 25-hydroxyvitamin D (25(0OH)D) concentrations
at baseline and 5 years later*
(Numbers of participants)

25(0OH)D 5 years later

25(0OH)D at 1st 2nd 3rd 4th
baseline quartile quartile quartile quartile
1st quartile 159 64 27 10
2nd quartile 67 88 69 34
3rd quartile 18 76 103 66
4th quartile 10 32 69 152

* Weighted « coefficient was 0-47 (95 % Cl 0-43, 0-51).
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Table 3. Linear association between baseline characteristics and 5-year changes in blood 25-hydroxyvitamin D concentrations (nmol/l) analysed by linear
regression analyses adjusted for baseline 25-hydroxyvitamin D concentrations

Men Women
Regression Regression
Predictor variables at baseline n coefficient () Adjusted P n coefficient () Adjusted P
Age (years) 438 0-10 04274 606 0-06 0-2281
BMI (kg/m?) 437 0-23 0-7937 603 0-15 0-8005
Education level 426 076 0-0554 592 0-55 0-1706
MET score* (MET-h/d) 435 4.56 0-0007 606 3.09 0-7955
Vitamin D intake* (pg/d) 432 091 0-0936 602 0-62 0-0055
Ca intake* (mg/d) 433 110 0-2571 604 073 0-0690
Outdoor occupationt (1, present; 0, absent) 438 1.56 0-0132 606 1.47 0-9271
Time spent outdoors 429 0-49 0-0189 596 0-31 0-5540
Sunscreen use 431 3:69 0-3026 595 0-84 0-2920
Smoking 437 0-74 0-4726 605 0-99 0-0689
Alcohol consumption 438 0-51 0-4911 605 0-62 0-7830
Green tea consumption 431 0-71 0-2400 595 0-49 0-0063
Coffee consumption 429 0-71 0-5402 595 0-53 0-5250
Estimated glomerular filtration rate* (ml/min per 1.73 m?) 395 318 0-8071 514 251 0-1280

MET, metabolic equivalent.
* Values were log-transformed when conducting linear regression analysis.
1 Outdoor occupation includes farmers and fishermen.

R*=0-300). Table 3 shows the associations between baseline
variables and A25(OH)D concentrations adjusted for baseline
25(OH)D concentrations by sex. Higher MET scores, an out-
door occupation, and time spent outdoors in men and higher
vitamin D intake and higher green tea consumption in
women were significantly associated with higher A25(OH)D
concentrations.

Sex-stratified incidence and adjusted OR for vitamin D decline
according to levels of baseline variables are shown in Table 4. In
men, risk of vitamin D decline was significantly lower in those
with an outdoor occupation and the highest quartile of MET score
and was higher in those with a ‘university or higher’ level of
education. In women, risk of vitamin D decline was significantly
lower among those with higher vitamin D intake (marginal signifi-
cance, P wend = 0-0651) and green tea consumption.

Regarding sex differences, multiple linear regression analysis
revealed that A25(OH)D concentrations were not significantly
different after adjusting for all covariates (P=0-1516). Multiple
logistic regression analysis revealed no significant sex-
dependent differences in vitamin D decline after adjusting for
all covariates (adjusted men’s OR = 0-76, P=0-3098).

Discussion

Theoretically, vitamin D decline primarily occurs due to a
decrease in vitamin D biosynthesis in the skin following sunlight
exposure, intake of vitamin D-containing foods or both. With
this in mind, the present study aimed to determine predictors
of 5-year vitamin D decline. As behaviours differ between
men and women, our statistical analysis was stratified by sex.
We determined that vitamin D decline was primarily explained
by baseline blood 25(OH)D concentrations in both sexes.

The highest level of physical activity and having an outdoor
occupation were associated with a lower risk of vitamin D
decline in men. Men with these characteristics are likely to have

higher exposure to sunlight and thus produce vitamin D in the
skin. Physical activity levels were not associated with risk of
vitamin D decline in women. This may be explained by the fact
that women are more likely to cover their skin and use sunscreen
to avoid sun exposure.

We also found a higher risk of vitamin D decline among men
with a university or higher education (OR 2-84), with a similar
trend observed in women (OR 3-29). Cross-sectional data from
our baseline study have indicated an association between higher
levels of education and low vitamin D levels in women; the
same finding was reported by another study in Taiwan"®.
This may be explained by the fact that those with higher
education levels are more likely to have indoor occupations
and/or behaviours in which they avoid sunlight exposure.
Considering the above, individuals with higher education levels
represent the population facing the highest risk of vitamin D
decline.

The present study revealed that lower vitamin D intake was a
predictor of vitamin D decline in women only. Vitamin D in the
diet of Japanese people comes primarily from fish"”, and dietary
intake of vitamin D can help maintain the low levels synthesised
in the skin in winter, when sun exposure is low®”. As women
tend to have lower vitamin D levels specifically because they
avoid sunlight exposure®, intake of dietary vitamin D may
play an important role in the long-term maintenance of
vitamin D levels in women.

Green tea, a common drink in Japan, has been reported to
have favourable effects on health due to its high content of
antioxidant catechins®”. The present study found that higher
green tea consumption was associated with a lower risk of vita-
min D decline, consistent with the results of our cross-sectional
study, which showed a positive association between green tea
consumption and blood 25(OH)D concentrations®. A cross-
sectional study conducted in Taiwan also found that lower tea
consumption was associated with vitamin D deficiency"®.
Two mechanisms may explain these findings. First, there may
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Table 4. Incidence and risk for vitamin D decline* according to levels of potential predictor variables at baseline by sext
(Number of cases divided by number of total participants and percentages for incidence; adjusted odds ratios and 95 % confidence intervals)
Men Women
Incidence of Incidence of
vitamin D decline vitamin D decline
Cases/total Adjusted Cases/total Adjusted

Predictor variables at baseline participants % ORt 95 % Cl participants % ORt 95 % CI
Baseline 25(0OH)D (nmol/l) Pior trena < 0-0001 Pior trena < 0-0001

1st quartile 9/104 87 1 (Ref) 3/148 2.0 1 (Ref)

2nd quartile 33/110 30-0 11.43 3-84, 34-01 26/154 16-9 13-62 332, 55-88

3rd quartile 60/109 55-0 1848 6-90, 49-51 49/150 32.7 36-86 946, 143-60

4th quartile 76/105 72-4 4512 15-11, 13473 85/150 56-7 9963 25.85, 384-02
Age (years) Pfor trend = 0-3814 'Dfor trend = 0-2937

<60 22/64 34-4 1 (Ref) 16/106 151 1 (Ref)

60-69 85/224 379 0-52 023, 1-17 107/369 29-0 115 057, 2-33

>70 71/140 50-7 1-09 0-42, 2.84 401127 315 116 0-40, 3-38
BMI (kg/mz) Pfor trend = 0-6193 'Dfor trend = 0-2789

1st quartile 46/105 43-8 1 (Ref) 36/145 24.8 1 (Ref)

2nd quartile 48/111 432 0-88 0-44,1-76 41/153 26-8 113 057, 2-24

3rd quartile 41/101 40-6 0-85 0-43, 1.71 44/150 293 1.28 062, 2:63

4th quartile 43/110 391 114 0-57,2-28 41/151 27.2 1.58 078, 3-21
Education level Pior trena = 0-1703 Pior trena = 0-2861

Junior high school 66/143 46-2 1 (Ref) 71/226 314 1 (Ref)

High school 75/211 355 0-85 0-49, 1-48 62/266 233 0-83 0-48, 1-43

Junior college 11/28 393 0-86 0-29, 2:53 24/83 289 1.70 077, 3-76

University or higher 20/34 58-8 2:92 1.04, 819 413 308 3-38 0-81, 1418
MET score (/d) Pior treng = 0-1249 Pror trena=0-7135

1st quartile 47/104 45.2 1 (Ref) 39/150 260 1 (Ref)

2nd quartile 41/108 38-0 1.00 047, 2-11 38/146 26-0 0-98 0-50, 1-91

3rd quartile 48/106 45-3 119 0-55, 2.54 34/154 221 0-66 0-32, 1-36

4th quartile 41/107 38-3 0-34 0-14, 0-83 52/152 34.2 0-88 041, 1.90
Vitamin D intake (ng/d) Pior treng = 0-6511 Pior trena = 0-0651

1st quartile 36/106 34.0 1 (Ref) 34/144 236 1 (Ref)

2nd quartile 41/105 39.0 112 0-55, 2.32 43/155 277 0-88 0-46, 1-68

3rd quartile 51/106 481 1.54 075, 3-16 44/150 29-3 0-76 0-38, 1-53

4th quartile 48/105 45.7 1.34 0-63, 2-86 41/149 275 0-57 0-27,1-22
Ca intake (mg/d) Pror treng = 0-4448 Pior trena = 0-7149

1st quartile 40/103 38-8 1 (Ref) 44/148 297 1 (Ref)

2nd quartile 47/107 439 0-98 047, 2-04 40/151 26-5 1.04 0-53, 2.03

3rd quartile 51/105 48-6 1.62 0-74, 3-54 44/150 293 1-33 0-64, 2.77

4th quartile 38/108 35.2 043 0-18, 1-02 34/151 22.5 0-73 0-32, 1-64
Outdoor occupation P=0-0099 P=0-5328

Farmer or fisherman 29/81 35-8 043 0-22, 0-82 20/53 377 1.30 0-57,2.94

Other 149/347 42.9 1 (Ref) 143/549 26:0 1 (Ref)
Time spent outdoors (min/d) Pior trena = 0-6308 Plor trena = 0-2536

<20 15/39 385 1 (Ref) 26/122 213 1 (Ref)

20-39 22/47 46-8 1.44 042, 4-99 40/151 26-5 1.98 091, 4.28

40-59 25/67 37-3 1.77 0-58, 5-44 27/106 255 1-30 0-58, 2.93

60-179 51/126 40-5 1.70 0-67, 4-32 41/125 32.8 375 1.55, 9-07

>180 61/140 43-6 1.05 0-37, 3-00 26/88 295 1.32 0-43, 405
Sunscreen use P=0-0971 P=0-8454

No use 173/408 424 1 (Ref) 95/342 278 1 (Ref)

Use 3/13 231 0-24 0-05, 1-29 63/249 25.3 0-96 0-60, 1-52
Smoking (cigarettes/d) Pior trena = 0-2363 Pior trena = 0-5792

0 (Non-smoker) 31/74 41.9 1 (Ref) 151/552 27-4 1 (Ref)

0 (Past smoker) 112/255 43-9 0-94 0-48, 1-82 8/32 25.0 1.76 0-58, 5-38

<20 24/53 45.3 0-64 0-20, 2-01 3/15 20-0 117 0-21, 6-40

>20 11/45 244 0-34 0-11, 1.06 0/2 00 -
Alcohol consumption (g ethanol/ Pior treng = 0-3925 Pror trend = 0-0847

week)

None or rarely 23/65 354 1 (Ref) 118/409 289 1 (Ref)

1-149 50/119 42.0 097 0-40, 2-35 41/169 24.3 0-72 0-43-1-22)

150-299 39/112 34-8 0-48 018, 1-27 4/10 40-0 1.94 0-38, 9-79

300-449 34/78 43-6 073 0-29, 1-88 0/8 00 -

>450 32/54 59-3 2.07 0-66, 6-49 0/5 0.0 -
Green tea consumption Pior trena = 0-3546 Pior trena = 0-0025

<1 (times/week) 8/24 333 1 (Ref) 6/26 231 1 (Ref)

1-6 (times/week) 37/81 45.7 1.85 0-46, 7-38 28/95 295 0.96 0-22—4-21)

1-3 (cups/d) 71/167 42.5 0-88 0-26, 2-97 68/224 304 0-57 017, 1-91

>4 (cups/d) 59/149 39-6 1.76 0-47, 6-63 58/246 236 0-35 011,113
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Table 4. (Continued)

Men Women
Incidence of Incidence of
vitamin D decline vitamin D decline
Cases/total Adjusted Cases/total Adjusted
Predictor variables at baseline participants % OR%t 95 % Cl participants % OR%t 95 % ClI
Coffee consumption Pror trena = 0-8950 Pior trena = 0-4213
<1 (times/week) 45/102 441 1 (Ref) 25/91 275 1 (Ref)
1-6 (times/week) 60/149 40-3 0-88 047, 1-63 64/206 311 1.32 0-66, 2-63
1-3 (cups/d) 60/143 42.0 1-60 0-76, 3-35 63/271 23-2 1-18 0-57, 2-46
>4 (cups/d) 8/26 30-8 0-29 0-07, 1-20 7/23 30-4 3:04 0-62, 15-00
eGFR (ml/min per 1.73 m?) Pior treng = 0-5065 Pior trenda = 0-3052
1st quartile 46/93 49.5 1 (Ref) 33/123 26-8 1 (Ref)
2nd quartile 40/100 40-0 074 0-34, 1-60 31/139 22-.3 0-83 040, 1-73
3rd quartile 45/100 45.0 0-90 042, 1-95 28/120 23-3 0-39 0-14, 1-06
4th quartile 35/94 37-2 0-66 0-28, 1-59 43/129 333 1.87 0-87, 4-05

25(0H)D, 25-hydroxyvitamin D; MET, metabolic equivalent; eGFR, estimated glomerular filtration rate.

* 5-year changes in blood 25(0OH)D concentration <6-7 nmol/l.

1 Quartile cut-off values of baseline 25(0OH)D: 43-4, 55-4 and 67-6 for men, 34-4, 44-1 and 53-4 for women; BMI: 21-6, 23-3 and 25-2 for men, 20-8, 22-3 and 24-2 for women; MET score:
40-0, 43-3 and 48-9 for men, 39-5, 42-1 and 47-3 for women; vitamin D intake: 4-7, 8-4 and 13-0 for men, 5-6, 8:9 and 14-2 for women; Ca intake: 351, 504 and 649 for men, 442, 604

and 850 for women; eGFR: 64-9, 74-4 and 84-7 for men, 64-2, 74.7 and 80-7 for women.

1 Adjusted for other predictor variables, including 25(OH)D, age, BMI, education level, MET score, vitamin D intake, outdoor occupation, time spent outdoors, sunscreen use, smoking,

alcohol consumption, green tea consumption and coffee consumption.

be a chemical substance in green tea that affects vitamin D
metabolism, but this has not been reported so far. Second, green
tea drinkers may also share behavioural traits with individuals
with high vitamin D levels, such as ensuring sufficient sunlight
exposure. Both vitamin D and catechins have potentially
beneficial effects on human health, and thus the interaction
between these should be examined.

The present study revealed strong agreement in blood
25(OH)D concentrations at baseline and those 5years later
using date-matched blood samples. These yielded a correlation
coefficient of 0-604 and agreement for weighted « coefficient of
0-47, indicating a moderate association. This information is
useful for evaluating long-term changes in vitamin D levels in
older adults.

One strength of the present study is that it is the first to
determine predictors of vitamin D decline in community-
dwelling middle-aged and elderly individuals. In particular,
we eliminated seasonal effects of sunlight exposure, a major
determinant of vitamin D levels, allowing for a sensitive evalu-
ation of lifestyle and behavioural predictors of vitamin D decline.

Our study also has several limitations. First, the definition of
vitamin D decline in the present study is tentative and should
be discussed further. In addition, little evidence is available
concerning the magnitude of vitamin D decline in relation to
disease occurrence. Finally, as information on lifestyle was
self-reported, non-differential misclassification bias was likely
to be introduced, which can reduce the strength of the observed
associations.

Conclusion

The present study first revealed predictors of 5-year decline in
vitamin D status, while controlling sufficiently for seasonal
effects of sunlight exposure in middle-aged and elderly individ-
uals. Identified predictors of vitamin D decline in men are a high
education level, low physical activity and a non-outdoor

occupation. In women, lower vitamin D intake and green tea
consumption were identified as predictors. This suggests that
a sex-dependent intervention may be useful for the maintenance
of long-term vitamin D levels.
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