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Context: increasing research has shown that low levels of serum 25-hydroxyvitamin (250HD)
predict the onset of diabetes, but no research is available on this issue in elderly people.

Objective: to examine whether low serum levels of 250HD are associated with a higher risk of
incident type 2 diabetes over a lengthy follow-up in a representative group of elderly people.

Design: a population-based cohort study as part of the Progetto Veneto Anziani (Pro.V.A) over
a follow-up of 4.4 years

THE

Setting: general community.

Participants: 2227 participants (1728 with follow-up visits and 499 died during the follow-up)
over 65 years of age without diabetes at the baseline, among 2352 initially included.
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Main outcome measure: incident diabetes.

Results: there were no baseline differences in known factors for the onset of diabetes (BMI, waist
circumference, total cholesterol, renal function and HbA1c levels) between the groups with
different serum 250HD levels (= 25, 25-50, 50-75 and = 75 nmol/L). Over a 4.4-year follow-up,
291 individuals developed diabetes, with an incidence of 28 events per 1000 person-years. No
significant difference in the incidence of diabetes emerged between the baseline 250HD groups.
Cox’s regression analysis, adjusted for potential confounders, revealed no relationship between
low vitamin D levels and incident diabetes during the follow-up (HR: 1.05, 95%Cl: 0.76-1.45,
p=0.77; 1.44, 0.95-1.98, p=0.12 and 1.37, 0.87-2.16, p=0.17 for those with 250HD = 25, 25-50,
and 50-75, respectively)

Conclusion: baseline serum concentrations of 250HD were unassociated with the incidence of
diabetes in community-dwelling elderly people over a follow-up of 4.4 years.
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2 Vitamin D and diabetes in elderly people

instance, and for men over 75 the figures will increase by
537% over the next 20 years (1-3).

Vitamin D deficiency is common in community-dwell-
ing elderly people: in Europe, 36% of elderly men and
47% of elderly women have a severe deficiency (ie, serum
250HD levels below 30 nmol/L), and the percentages may
be as high as 60% in the Mediterranean countries of Eu-
rope (4-6).

Low vitamin D levels have been considered a potential
risk factor for the onset of diabetes. A complex link has
been suggested between diabetes and vitamin D, and se-
rum 25-hydroxyvitamin (250HD) in particular. Metab-
olites of vitamin D significantly influence glucose metab-
olism by improving insulin secretion and insulin
sensitivity (7, 8).

A potential role for poor vitamin D status in increasing
the risk of type 2 diabetes is supported by several cross-
sectional studies largely (though not always consistently)
showing that low serum 250HD levels are associated with
impaired glucose tolerance and diabetes (9-17). Longitu-
dinal studies in the general population have found a sub-
stantial, statistically significant association between low
serum 25OHD levels and the onset of diabetes (18 -27), as
confirmed by two recent meta-analyses (28-29). The
studies that involved an adequate proportion of elderly
people found no strong association between serum
250HD levels and prevalent or incident diabetes, how-
ever (17, 30-32). The reasons for the different findings
between older and younger people are not known, but
probably relate to a physiological decline in vitamin D
receptor expression in the peripheral tissues with aging
(33), and to differences in the role of low vitamin D status
in older and younger people. Given the above-mentioned
findings, we hypothesized that there is no direct relation-
ship between low serum 250HD levels and incident dia-
betes in elderly people.

The aim of the present study was thus to examine
whether low serum 250HD levels were associated with
any increased risk of incident type 2 diabetes in a repre-
sentative group of elderly men and women over a lengthy
follow-up (4.4 years).

Materials and Methods

Data source and subjects

The data for this analysis came from the Progetto Veneto
Angziani (Pro.V.A.), an observational cohort study on the Italian
population aged = 65 years. Our study population included
3099 age- and sex-stratified Caucasian participants (1854
women and 1245 men) randomly selected between 1995 and
1997 using a multistage stratified method. Sampling procedures
and data collection methods have been described elsewhere (34).
Trained physicians and nurses examined participants at various
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clinics. The present study concerns the information collected on
the incidence of diabetes over a mean 4.4 years (£ 1.2 SD) of
follow-up.

Among the 3099 subjects considered, 211 were excluded be-
cause their serum 250HD levels had not been tested at the time
of their enrollment; another 536 were excluded because they
were already diabetic at the baseline; and 125 participants were
lost to follow-up. The final sample thus consisted of 2227 par-
ticipants (1728 who completed the follow-up and 499 who died)
(Figure 1). Those lost to follow-up had baseline characteristics in
terms of the proportion of females, age, anthropometric param-
eters and fasting plasma glucose (FPG), glycosylated hemoglobin
(HbA1c), and 250HD levels comparable with those of partici-
pants included in the study.

The ethical committees of Padua University and the Veneto
Region’s Local Health Units (USSL) n. 15 and n. 18 approved our
study protocol, and participants gave their written informed con-
sent to the study.

Clinical data

Participants were examined at the city hospitals by trained
physicians and nurses at both the baseline and the follow-up visit.
Information was collected on their formal education, monthly
income, physical activity, smoking, and number and type of
drugs being used by means of a face-to-face interview. Educa-
tional level was categorized as up to as opposed to more than five
years of schooling (ie, primary school attendance in Italy).
Monthly income (as an indicator of socio-economic condition)
was classified as below or above 500 €. Smoking habits were
dichotomized as “never/former smoker” (if a subject had given
up smoking at least a year earlier) vs. “current smoker”. Regular
physical activity was defined as = 4 hours/wk in the previous
month of at least moderate physical activity (brisk walking, cy-
cling, gardening, dancing, or physical exercising). Body weight
and height were measured by trained physicians and the body
mass index (BMI) (BMI, kg/m?) was calculated; waist circum-
ference at umbilical level was also recorded. Obesity was defined
as a BMI over 30 kg/m?, underweight as a BMI below 20 kg/m?*
(a widely accepted cut-off for underweight in older people), and
abdominal obesity as a waist circumference over 102 ¢cm in men

Patients enrolled in the Pro.V.A. study: 3099

Patients lacking data on
" baseline 250HD levels:
211

Patients with diabetes
already at baseline: —t
536

Patients lacking data on
diabetes diagnosis at
follow-up: 125

v

Patients included in the present study: 2227

Figure 1. Flow chart of how the study population was
selected: the PRO.V.A. study
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and over 88 in women (35-36). Blood pressure was recorded as
the mean of three readings obtained while the subject was supine.

Any diseases were assessed by board-certified physicians,
who examined all the clinical details collected for each partici-
pant in the study, including their clinical history, symptoms (self-
reported by means of standardized questionnaires), medical and
hospital records, blood tests, and a physical examination. A his-
tory of major disease was recorded for any of the following:
cardiovascular diseases (CVD: congestive heart failure (CHF),
angina and myocardial infarction (MI), stroke, and peripheral
artery disease (PAD)), chronic pulmonary diseases (COPD), can-
cer, and hypertension. Cognitive function was assessed by ad-
ministering the 30-item Mini-Mental State Examination
(MMSI) (MMSE).

Definition of diabetes

Incident and prevalent diabetes were defined as FPG = 7.0
nmol/L (37). Subjects were also considered diabetic if any of the
following applied: HbA ;¢ = 6.5% (=48 mmol/mol), use of glu-
cose-lowering drugs, or a 2h postload glucose = 11.1 nmol/L.
Participants’ medical information was checked by board-certi-
fied physicians at the follow-up visit and confirmed with the aid
of a standardized questionnaire (34). Details of FPG were un-
available for 18 participants at the follow-up visit. The hospital
records were reviewed for all participants, and death certificates
too for those who had died, using codes 250 to 250.9 (Interna-
tional Classification of Diseases — ninth Revision— Clinical Mod-
ifications- 2002).

Laboratory data

Venous blood samples were obtained after an overnight fast
for biochemical tests, which were performed at the city hospital’s
central laboratory using standard, quality-controlled proce-
dures. The season of blood collection was categorized as winter,
spring, summer or autumn.

Fasting plasma glucose (FPG) was measured with hexokinase
glucose-6-phosphate dehydrogenase (Dimension Vista System,
Siemens). Glycosylated hemoglobin (HbA1c) was measured us-
ing high-performance liquid chromatography (HPLC). Serum
250HD (25-hydroxyvitamin D) and PTH levels were tested at
the Padova University laboratory. Serum 250HD levels were
measured by radioimmunoassay (RIA) (RIA kit; DiaSorin); the
intra-assay and interassay coefficients of variation for 250OHD
were 8.1% and 10.2%, respectively. Serum intact PTH levels
were measured using a two-site immunoradiometric assay
(IRMA) kit (N-tact PTHSP; DiaSorin): the intra-assay and in-
terassay coefficients of variation for PTH were 3.0% and 5.5%,
respectively. Serum creatinine levels were measured using Jaffe
rate reactions for the Roche/Hitachi autoanalyzer (Roche Diag-
nostic GmbH, Mannheim, Germany) calibrated with the un-
compensated method, while the estimated glomerular filtration
rate (eGFR) was calculated using the MDRD formula. Total
cholesterol, triglycerides and HDL (high-density lipoprotein
(HDL)) cholesterol were calculated using the enzymatic method.
LDL (low-density lipoprotein (LDL)) cholesterol was calculated
with the Friedewald equation, unless triglycerides were higher
than 400 mg/dl. The LDL values were thus unavailable for 27
participants. Except for 250HD and PTH, all laboratory mea-
sures were obtained at both the baseline and the follow-up visit.
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Statistical analyses

Participants’ characteristics were summarized using means
(* standard deviations) for continuous variables, and counts and
percentages for categorical variables. Means and proportions
were compared between study participants according to their
250HD baseline values: = 25 nmol/L, 25-50 nmol/L, 50-75
nmol/L and = 75 nmol/L (38).

For continuous variables, normal distributions were tested
using the Shapiro-Wilk test. Age- and gender-adjusted p values
for trends were calculated, checking the differences between the
means of the covariates by 250HD group using analysis of vari-
ance (ANOVA) and Bonferroni’s correction. Differences in cat-
egorical variables were examined using the chi-square test.

Cox’s proportional hazard models were used to assess asso-
ciations between 250HD groups and incident type 2 diabetes.
Known factors associated with 250OHD levels and/or diabetes
were considered for inclusion in the analysis. To explore whether
a variable should be included as a predictor in the final survival
model, the log-rank test of equality across strata was performed
for all the categorical variables and Cox’s univariate propor-
tional hazards regression for all the continuous variables con-
sidering the onset of diabetes as the outcome.

The predictors included in the final model were all the vari-
ables reaching a P < .20 in the univariate analyses ie, baseline
vitamin D groups, age, gender, waist circumference, hyperten-
sion, formal education, monthly income, smoking habits, serum
levels of FPG, Hb1Ac and total cholesterol, HDL, triglycerides,
and eGFR. When the collinearity among the cholesterol param-
eters was assessed, serum HDL and triglycerides were found
closely correlated with total cholesterol. Of these three variables,
only total cholesterol was retained because it indicates the par-
ticipants’ lipid profile better than any other single parameter.

Hazard ratios (HRs) and 95 % confidence intervals (CIs) were
used to compare rates of diabetes across different 250HD
groups, and they were also obtained for all covariates found
significantly associated with the outcome. All analyses were per-
formed using the SPSS 21.0 for Windows (SPSS Inc., Chicago,
Illinois). All statistical tests were two-tailed and statistical sig-
nificance was assumed for a p-value < 0.05

Results

Baseline characteristics

The sample consisted of 2227 community-dwelling el-
derly subjects without diabetes. They were a mean 76.1 +
7.8 years old [range: 65-103]; 59% were females; and the
sample’s mean BMI was 27.17 + 4.43 kg/m?. The mean
serum 250HD level was 80.12 + 54.66 nmol/L, while the
FPG and HbAlc levels were 5.34 *= 0.65 nmol/L and
5.05 £ 0.50% (=31.68 £ 5.5 mmol/mol), respectively.
The prevalence of participants with 250HD levels below
25 nmol/L was 11.4%, while in 32.6 % they were less than
50 nmol/L, and in 55.2% they were less than 75 nmol/L.

Participants in the lowest 25OHD group (=25 nmol/L)
were significantly older and there were more females than
among those in the higher 250OHD groups (p for trend <
0.0001, for both variables). After adjusting for age and
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gender, participants with 250OHD levels below 25 nmol/L
had a longer school attendance (p for trend = 0.001), a
more frequent history of cardiovascular diseases, and were
more often cognitively impaired (p for trend < 0.0001 for
both) and less active (p for trend < 0.0001). No differences
emerged between the 250HD groups in terms of their
seasonal blood collection (P = .15) (Table 1).

Concerning the potential risk factors for diabetes at the
baseline, there were no differences between the 250HD
groups in terms of BMI (p for trend = 0.27) or waist
circumference (p for trend = 0.08). Participants in the
lowest 250HD group had significantly more obesity and
abdominal obesity, however, balanced by a higher pres-
ence of underweight condition (p for trend = 0.02, 0.01
and 0.007, respectively). As for the laboratory tests, par-
ticipants with 250OHD levels below 25 nmol/L had signif-
icantly lower FPG levels than those with higher 25OHD
values (p for trend = 0.002), while no significant differ-
ences emerged for HbAlc (Table 1). No differences came
to light for the cholesterol parameters, uric acid or renal
function.

Follow-up data

Over a period of 4.4 years, 291 subjects became dia-
betic (173 Fand 118 M), with an incidence of 28 events per
1000 person-years. The incidence of diabetes was highest
in the group with 250HD levels in the range of 25-50
nmol/L (Table 2), and participants who became diabetic
had similar baseline 250HD values to those who did not
(82.77 + 60.83 vs. 83.92 = 53.75 nmol/L, P = .75). Ul-
timately, no significant difference emerged in the cumu-
lative incidence of diabetes between the 250OHD groups
during the course of the follow-up (p for trend = 0.29)
(Figure 2).

Using Cox’s regression analysis, 25OHD levels = 25,
25-50 and 50-75 nmol/L were not associated with a
higher probability of developing diabetes during the fol-
low-up (Table 2). Modeling 250HD level as a continuous
variable revealed no significant association between
250HD and incident diabetes. In the final model, what
did predict the onset of diabetes during the follow-up was
the baseline FPG (HR: 1.32; 95% CI: 1.09-1.61; P =
.005).

The results of all our statistical analyses remained much
the same after stratifying by gender or abdominal obesity
(Figure 3), or using gender-specific quartiles to classify
250HD status, or quartiles of PTH serum levels instead of
250HD groups (details not shown).

Discussion

Our large population-based prospective study found no
evidence of any significant association between circulating
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250HD levels and incident diabetes over a 4.4-year
follow-up.

About one in three participants in our study had
250HD levels below 50 nmol/L, but more than half of
them had 250HD levels over 75 nmol/L, although the
sample’s use of vitamin D supplementation was extremely
low (1.2% of the whole sample at the baseline and 2.6%
at the follow-up); these low figures are substantially sim-
ilar to those of other studies conducted around the same
time as our study (39). The relatively high vitamin D levels
in our population could be because our 250HD groups
included both males and females, and because participants
came from a rural area of the Veneto, where gardening is
still widespread.

We also found that BMI and waist circumference did
not differ across 25OHD groups. This is hardly surprising
in elderly people because any poor vitamin D status at this
age is usually due not only to a greater fat mass (as in
middle-aged people), but also to malnutrition and frailty,
conditions exclusive to older people and typically associ-
ated with low BMI values (40).

Cross-sectional studies have substantially demon-
strated that low vitamin D status is associated with a
higher prevalence of diabetes, but such studies have al-
ways focused on middle-aged or younger people (9-16).
The only cross-sectional study on people over 65 indicated
that low 250HD levels led to an increased risk of devel-
oping diabetes, but no association was found between
250HD and markers of glucose metabolism or insulin
sensitivity in cases recently diagnosed with diabetes (17).
Another cross-sectional study exploring the relationship
between low 250HD and hyperglycemia in older people
showed that other confounders (particularly BMI and al-
cohol intake) drastically reduced this association (32).

Several longitudinal observational studies have re-
ported a significant association between low circulating
levels of 250HD and a higher incidence of type 2 diabetes
(18-26), findings also confirmed by two recent meta-anal-
yses (28, 29). Conversely, our present findings are consis-
tent with two longitudinal studies involving a sizable num-
ber of elderly people, in which: Pilz et al found no
association between 250HD and incident diabetes or
poor glycemic control in a group of participants with a
mean age of 68 years; and Robinson et al reported similar
results in a cohort of 5140 postmenopausal women (8,
31). Our results are also in partial agreement with another
study reporting a significant association between low
250HD levels and diabetes only in elderly women (30).

There may be several reasons why old people lack the
association between low vitamin D levels and diabetes
seen in the middle-aged. For a start, low 250OHD levels are
only an independent mortality factor in the elderly. We
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Table 1. Participants’ characteristics by serum 25-hydroxyvitamin D (250HD) cutoffs of 25, 50 and 75 nmol/liter:
the PRO.V.A. study. Numbers are mean values (and standard deviations) or percentages (%), as appropriate.

25-hydroxyvitamin D (250HD) groups

=25 25-50 50-75 =75 p value*
nmol/liter nmol/liter nmol/liter nmol/liter
(n = 255) (n = 470) (n = 502) (n = 1000)
Age (years) 81.48 77.73 76.17 (7.48) 73.81 (6.95) <0.00017
(7.99) (8.06)
Female sex (%) 76.6 75.7 68.1 41.2 <0.00017"
BMI (kg/mz) 26.69 27.39 27.46 (4.34) 27.03 (4.05) 0.24
(5.36) (4.84)
Obesity (%) 24.9 25.8 24.6 20.0 0.02
Underweight (%) 7.7 3.2 2.9 3.1 0.01
Waist circumference (cm) 94.77 95.37 95.38 95.38 0.18
(12.78) (11.96) (11.08) (10.13)
Abdominal obesity (%) 31.1 28.3 28.0 22.6 0.007
Systolic BP (mmHg) 155.17 153.14 152.66 151.27 0.72
(24.38) (21.94) (21.10) (20.65)
Diastolic BP (mmHg) 82.06 83.16 82.56 83.00 0.22
(12.43) (11.62) (11.04) (10.89)
Education =5 ys 15.2 15.0 12.4 14.2 0.001
(%)
Monthly income = 60.2 67.0 65.7 57.3 0.16
500 (%)
Current smokers (%) 6.3 6.8 8.4 11.8 0.40
Physical activity = 4 8.2 16.8 22.9 31.3 <0.0001
h/week (%)
Use of cortisone (%) 3.5 3.7 1.9 3.0 0.64
Vitamin D 2.4 1.3 1.2 0.8 0.45
supplementation (%)
Medical conditions
Cognitive impairment (%) 29.4 10.9 8.6 2.8 <0.0001
CVD (%) 325 22.6 14.9 18.9 <0.0001
COPD (%) 10.2 10.9 6.6 10.5 0.14
Cancer (%) 7.8 9.1 7.6 6.9 0.21
Hypertension (%) 76.8 77.0 71.3 69.4 0.06
Biohumoral tests
FPG (mmol/liter) 5.18 (0.73) 5.27 (0.67) 5.33(0.64) 5.41 (0.60) 0.002
HbA1c (%) 5.10 (0.52) 5.10 (0.51) 5.11(0.47) 4.99 (0.51) 0.10
HbA1c (mmolimol) 32.13 32.25 32.32 (5.25) 30.98 (5.50)
(5.64) (5.50)
250HD (nmol/liter) 16.35 38.82 62.19 (7.20) 124.54 <0.0001
(5.56) (6.97) (50.5)
PTH (ng/liter) 61.32 46.83 4211 36.31 <0.0001
(46.99) (25.99) (20.80) (23.18)
eGFR (ml/min) 66.58 65.64 68.20 72.34 0.09
(18.64) (19.34) (18.27) (17.26)
Total cholesterol (mg/dl) 227.29 233.78 235.56 230.93 0.38
(47.82) (43.43) (43.77) (41.27)
HDL (mg/dl) 56.89 58.10 57.50 58.26 0.16
(15.96) (15.29) (15.46) (15.79)
Triglycerides (mg/dl) 136.97 136.19 130.08 126.58 0.15
(67.99) (66.46) (60.63) (67.86)
LDL (mg/dl) 144.90 149.00 152.30 147.32 0.12
(41.22) (36.99) (39.61) (36.21)
Uric acid (mg/dl) 5.29 (1.55) 5.17 (1.49) 5.14 (1.43) 5.30 (1.40) 0.67
Blood collection 0.15
Winter (%) 22.1 27.0 214 30.0
Spring (%) 37.6 27.0 233 20.6
Summer (%) 15.9 19.3 21.0 17.0
Autumn (%) 22.9 26.0 33.8 30.7

Notes: obesity was defined as BMI=30, underweight as BMI<20 and abdominal obesity as a waist circumference =102
cm in males and =88 in females. *Unless otherwise specified, p values are adjusted for age and gender using a general linear model or

The Endocrine Society. Downloaded from press.endocrine.org by [${individua User.displayName}] on 03 June 2014. at 06:10 For persona use only. No other uses without permission. . All rights reserved.



6 Vitamin D and diabetes in elderly people

logistic regression, as appropriate. © Not adjusted for age or gender.
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Abbreviations: BMI: body mass index; BP: blood pressure; CVD: cardiovascular diseases; COPD: chronic obstructive pulmonary disease; FPG: fasting
plasma glucose; HbA1c: glycosylated hemoglobin; 250HD: serum 25-hydroxyvitamin D; PTH: parathormone; eGFR: estimated glomerular filtration

rate; HDL: high-density lipoproteins; LDL: low-density lipoproteins.

Table 2. Association between serum 25-hydroxyvitamin D concentration and incident diabetes: the PRO.V.A.

study.
Adjusted
Unadjusted hazard
No. of No. of Incidence hazard ratio P ratio" P
events participants rate * (95%Cl) -value (95%Cl) -value
250HD categories
=75 131 1000 28 1 1 [reference]
nmol/liter (26-30) [reference]
50-75 nmol/liter 60 502 27 0.99 0.98 1.05 0.77
(22-32) (0.73-1.35) (0.76-1.45)
25-50 nmol/liter 70 470 33 1.28 0.10 1.44 0.12
(30-36) (0.96-1.71) (0.95-1.98)
=25 30 255 28 1.24 0.31 1.37 0.17
nmol/liter (24-32) (0.82-1.90) (0.87-2.16)
250HD as
continuous
For change of 1 - - - 1.00 0.80 0.999 0.50
nmol/liter (0.998-1.002) (0.997-1.002)
+2 D 17 99 28 1 1 [reference]
from the mean (27-29) [reference]
+1 s 110 830 29 0.81 0.43 0.89 0.89
from the mean (28-30) (0.49-1.36) (0.52-1.53)
-1sD 164 1298 40 0.75 0.27 0.79 0.39
from the mean (36-40) (0.44-1.26) (0.47-1.35)

Unless otherwise specified, data are presented as relative risk and 95% confidence interval.

Notes:

" Incidence rates are per 1000 person-years. Data are expressed as means with 95% confidence intervals.

™ Adjusted for: age, gender, and baseline waist circumference, hypertension, formal education, monthly income, smoking habits, and serum

levels of: FPG, Hb1Ac, total cholesterol, eGFR.

found that the people who had died in our sample not only
had significantly lower 250HD levels than the other par-
ticipants, but also significantly more conditions associated
with a higher mortality, and cardiovascular diseases in
particular. It may be that people with low 250HD levels
die before they develop diabetes (41). Secondly, 250HD
levels are known to differ between older and younger peo-
ple, so while younger people’s baseline 25OHD levels sub-
stantially increase over a period of time, the same cannot
be said of old people (42—44). Finally, we need to consider

254 p for trend =0.29
EA 250HD<= 25 nmol/L
= 204 3 EZ 250HD 25-50 nmol/L
s = )
= =z :ﬁ E3 250HD 50-75 nmol/L
2= 15 e =5 [ 250HD > 75 nmol/L
28 e i —
o - —
< 'é" 104 o
&' ————
E= —
R 5 v _:_-ﬁ-
e
(5 e —

Figure 2. Incidence of diabetes (as a percentage) at the
follow-up, by baseline serum 25-hydroxyvitamin D
(250HD) level, using 25, 50 and 75 nmol/L as cutoffs: the
PRO.V.A. study.

the possible influence of vitamin D receptor on these dif-
ferent findings: this receptor’s expression is known to de-
cline with age in the tissues that determine insulin sensi-
tivity (33), meaning that much higher levels of 250HD
might be needed in later life to achieve the same protective
effect as in younger people. Indirect support for these hy-
potheses comes from several studies correlating 250OHD
levels with cardiovascular diseases: unlike the situation in
young people, these studies were unable to find any sig-
nificant association between poor vitamin D status and
cardiovascular diseases in elderly people (27).

Our study has both strengths and limitations. The main
limitation lies in the number of participants lost to fol-
low-up (although this was much the same as in other lon-
gitudinal studies on elderly people). Another limitation
concerns the shortage of other laboratory tests useful for
diagnosing diabetes at the follow-up visit, which may have
led to an underestimation of the new diagnoses of diabetes.
Finally, no information was available on any prior vitamin
D supplementation, family history of diabetes, or 25OHD
levels at the follow-up visit. Vitamin D supplementation
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was found negligible in our sample (1.2% at the baseline
and 2.6 % at the follow-up), so we assume that any use of
vitamin D in previous periods was probably likewise ex-
tremely low, and not enough to affect participants’ base-
line 250HD values. Moreover, since vitamin D supple-
mentation is one of the most important factors affecting
serum 250HD levels in elderly people (4), we assume that
participants’ baseline 250HD levels were scarcely af-
fected by this factor. A family history of diabetes is an
important factor influencing the risk of developing diabe-
tes, but this information was not obtained from our par-
ticipants, nor was it reported in other studies exploring the
association between 250HD and diabetes (18-27). The
same applies to the 250OHD levels at the follow-up: serum
250HD was only measured at the baseline, as in other
studies exploring the same association (8, 20, 24), so it
may not reflect long-term vitamin D status. On the other
hand, serum 250HD levels drop extremely slowly (by
about 0.3 mmol/L/y) (44), as recently confirmed in a sam-
ple of elderly individuals living in the same geographical
area as the participants involved in this study (43). The
vitamin supplementation rate was also very low in our

Females

250HD > 75 nmolL 4

250HD 50-75 nmol/L 1 ——
250HD 25-50 nmol/L —H——
250HD < 25 nmolL 4 —t—
Males
250HD = 75 nmol/L §
250HD 50-75 nmol/L 4 F—=—

250HD 25-50 nmol/L 4 ——

250HD < 25 nmolL 1 |

No abdominal obesity

250HD > 75 nmolL
250HD 50-75 nmol/L 4 ——
250HD 25-50 nmol/L 4 ——

250HD < 25 nmolL 4

Abdominal obesity

250HD > 75 nmol/L §
250HD 50-75 nmolL{  |————fa—
250HD 25-50 nmol/L 4 I {
250HD < 25 nmolL { | {
0 1 2 3
HR

Figure 3. Risk of diabetes (adjusted for the same
covariates as in Table 2) by gender and abdominal
obesity: the PRO.V.A. study.
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sample, at both the baseline and the follow-up visits, so
our results are unlikely to have been substantially influ-
enced by our not having measured 250HD levels at the
follow-up. On the other hand, board-certified experts on
metabolic diseases used standardized questionnaires to
confirm the information collected on the cases of diabetes
diagnosed during the follow-up. Using this approach, we
found an incidence of diabetes during the follow-up that
was similar to the figures reported in other studies (3). The
main strengths of our work lie in that it was the first such
study to focus exclusively on the elderly, and in the lon-
gitudinal design and long-term follow-up of this sample of
elderly people. Another strength concerns the use of
250HD, which is the best indicator of total body stores of
vitamin D. An additional strength of our work relates to
the large number of potential confounders that we
analyzed.

In conclusion, baseline serum concentrations of
250HD were not associated with the incidence of diabetes
over a 4.4-year follow-up in our sample of elderly people.
Since the prevalence of diabetes is rising in people over 65
years of age, and the condition is associated not only with
chronic complications typical of the middle-aged, but also
with a higher risk of diseases specifically of old age (such
as sarcopenia, disability and frailty), we need to clarify the
real role of vitamin D in the onset of diabetes.
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