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Abstract

Aims: To assess the dietary supplement use in adult individuals with type 1 dia-
betes, and to study the association between vitamin D supplementation and gly-
caemic control in an observational cross-sectional study.

Methods: The study subjects were participants of the Finnish Diabetic
Nephropathy Study. Data were included from all individuals with type 1 diabe-
tes with estimated glomerular filtration rate 260 mL/min/1.73 m?, who had com-
pleted a diet questionnaire. In the questionnaire, the participants reported dietary
supplement use for the past 30 days. A thorough investigation with an assessment
of the blood panel was conducted at the study visit.

Results: Data were available from 1181 individuals (43% men, mean +SD age
45 +13years). Altogether 62% of the sample reported supplement use; 56% re-
ported some vitamin or mineral and 27% reported non-vitamin and non-mineral
supplement use. Supplement use was more frequent among women and those
supplementing had better overall health. In the study sample, of the vitamins and
minerals, vitamin D (45%) and magnesium (31%), respectively, were the most
frequently reported. In the multivariable models, vitamin D supplementation
was associated with better glycaemic control. Starting from a daily dose of >30 pg,
there was evidence of improving glycaemic control with higher doses of supple-
mental vitamin D (e.g., for 30 pg: B [Wald Confidence Internal], p-value, —2.76
[—5.03 to —0.49], 0.017).

Conclusions: Supplement use was frequent in this sample of adult individuals
with type 1 diabetes. Due to potential drug-supplement interactions, the attend-
ing physicians should be aware of their patients’ supplement use. The causality
between vitamin D supplementation and glycaemic control should be assessed in
a randomized controlled trial.
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1 | INTRODUCTION

No specific recommendations exist for the use of dietary
supplements in the management of diabetes. Instead, a
diet that conforms to the dietary guidelines is consid-
ered to cover the nutrient needs, with some exceptions
related to vitamin D, rendering it unnecessary to use
dietary supplements.' Despite this, dietary supplement
use is common. In the National Health and Nutrition
Examination Survey (NHANES), 52% of the general
population and 58% of those with diabetes reported the
use of some dietary supplements.>* Moreover, in a re-
cent report on Danish individuals with either type 1 or
type 2 diabetes, as many as 99% of the respondents re-
ported the use of supplements.*

Supplement use is a rather unexplored area in individ-
uals with type 1 diabetes. However, in one study, the rate
of non-vitamin and non-mineral (NVNM) supplement
use was almost two times more common in individuals
with type 2 diabetes as compared to those with type 1 di-
abetes.” Importantly, dietary supplement use in type 1 di-
abetes may be of concern due to potential side effects and
drug-supplement interactions. Clinicians should, there-
fore, be aware of potential supplement use when treating
individuals with type 1 diabetes.

Of the dietary supplements, the use of vitamin D
is among the ones most frequently reported.” Beyond
its well-known role in bone health, vitamin D is also
acknowledged for its extra-skeletal effects. Of rel-
evance to individuals with diabetes, lower serum
25-hydroxyvitamin D concentrations have, in some stud-
ies, been associated with insulin resistance,’ severity of
diabetic ketoacidosis,” higher insulin requirements,”®
and worse glycaemic control.” While some vitamin D
intervention studies have shown reductions in fasting
blood glucose and HbA,. concentrations, glycaemic
variability, insulin need and frequency of hypoglycae-
mia,”* a number of studies have reported no improve-
ments in glycaemic control,'**® insulin sensitivity,'*
insulin requirement,'® or p-cell function.">!” Moreover,
in one study, the reduction in HbA,. was only reported
in those with worse glycaemic control at baseline,'® and
in another study such improvements were only observed
in individuals with type 2 diabetes, and not in those with
type 1 diabetes."’

The aim of this study was two-fold. First, we assessed
the frequency of supplement use in a large sample of adult
individuals with type 1 diabetes. Second, we investigated
the association between vitamin D supplement use and
HbA, .. Based on the available literature in other popula-
tions, we hypothesised that supplement use is frequent in
this sample and that vitamin D supplementation is associ-
ated with better glycaemic control.

What's new?

« Dietary supplement use is an unexplored area
in type 1 diabetes and no specific recommenda-
tions exist for the use of supplements for indi-
viduals with diabetes.

« Supplement use was frequent in this large
sample of well-defined individuals with type 1
diabetes and was associated with better overall
health. In particular vitamin D supplementa-
tion beyond a daily dose of >30pg was associ-
ated with improved glycaemic control.

« Due to potential drug-supplement interactions,
physicians should be aware of their patients'
supplement use.

2 | METHODS

The study sample comprised of participants in the
Finnish Diabetic Nephropathy (FinnDiane) Study.
Launched in 1997, the FinnDiane Study aims at iden-
tifying risk factors for diabetes complications in type 1
diabetes. The nutrition sub-study was introduced to the
FinnDiane Study protocol in 2007. With ongoing recruit-
ment and prospective study visits the dietary assessment,
for individual participants, took place either at baseline
or at any of the follow-up visits. Of the individuals taking
part in the FinnDiane study visits between August 2007
and September 2020 (n=2285), we excluded those, who
had not completed a diet questionnaire (n=_809), did not
have type 1 diabetes (n="7), or had an estimated glomeru-
lar filtration rate (eGFR) <60 mL/min/1.73m? or missing
eGFR value (n=288) (Flow chart, Figure S1), from these
cross-sectional analyses. Type 1 diabetes was defined as
diabetes onset before the age of 40years and permanent
insulin treatment initiated within a year from the diag-
nosis. The Ethics Committee of Helsinki and Uusimaa
Hospital District approved the study protocol (reference
number 491/E5/06). The study was carried out in ac-
cordance with the Declaration of Helsinki and its later
amendments. Written informed consent was obtained
from all individuals prior to study participation.

The procedures taking place at the FinnDiane Study
visits have been previously explained in detail.* Briefly,
participants’ height and body weight were measured for
the calculation of body mass index (BMI). Following
a minimum of 10-min rest, seated blood pressure was
measured twice. The mean of the two measurements
was calculated. Serum lipids, lipoproteins and creati-
nine concentrations were centrally determined, while
glycated haemoglobin (HbA,.) was measured locally
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using a standardized assay. The equation by Levey
et al.”! was used to calculate eGFR. Current smoking
was self-reported on a questionnaire. Smoking was de-
fined as smoking at least one cigarette per day for at
least 1year. The self-reported daily insulin dose was ad-
justed for measured body weight. Based on the dates, the
visits were divided into four seasons: winter (December-
February), spring (March-May), summer (June-August)
and fall (September-November).

The methods to collect data on dietary intake in the
FinnDiane Study have previously been published.”® In
short, the study participants completed a self-administered
structured diet questionnaire where, amongst other infor-
mation, the types and doses of dietary supplements used
in the prior 30 days were reported. From these reports, we
identified all participants using any dietary supplements,
vitamin, or mineral supplements (vitamin A, thiamine,
riboflavin, niacin, vitamin B6, vitamin B12, folate, vita-
min C, vitamin D, vitamin E, magnesium, zinc, selenium,
iodine, calcium, iron and copper) or NVNM supplements
(coenzyme Q,,, various herbal remedies, plant extracts,
homeopathic products and supplemental plant and fish
oils). In addition to retrieving data on supplement use, we
also used the diet questionnaire data to calculate a diet
score, as previously explained.” Briefly, we compared
the questionnaire entries with the national dietary rec-
ommendations' and estimated the degree to which the
participants adhered to these recommendations. Such
recommendations were found for fish, fresh vegetables,
cooked vegetables, fruits and berries, soft drinks, sweet
pastries, candy, low-fat liquid milk products, vegetable-
based spreads, vegetable-oil-based cooking fats and salt.
For each of these 11 items, those more closely adherent
scored 2 points, while those with the lowest levels of ad-
herence scored 0 points. The total score ranging between
0 and 22 was calculated with higher scores suggesting a
closer adherence to the overall recommendations. Upon
returning the diet questionnaire, participants completed
two 3-day food records with a 2- to 3-month interval. The
days were allocated and consisted of two consecutive
weekdays and 1week-end day. Aivo Diet software (ver-
sion 2.0.2.3, AIVO, Turku, Finland), based on the Finnish
National Food Composition Database, was used to calcu-
late mean daily energy, vitamin and mineral intakes. In
the analyses with the food record data, all participants
with plausible energy intake (5.0-14.6 MJ) were included.
Finally, we calculated the percentage of individuals meet-
ing the dietary recommendations in those reporting (di-
etary intake plus supplement intake) and not reporting
(dietary intake) the use of a given vitamin or mineral
supplement.’

Participant characteristics are presented as frequencies
for categorical variables and medians (interquartile ranges)
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for continuous variables with non-normal distribution.
Between-group comparisons, in these respective variables,
were done with the Chi-squared test and Mann-Whitney
U-test. General linear regression analysis was applied to
study the association between vitamin D supplement use
and glycaemic control. We selected variables with known
association with HbA,. in the multivariable model. In
addition, the four-level variable reflecting seasonality
was included as seasonality is associated with vitamin D
supplementation. Finally, supplemental vitamin B12 was
included as, of the non-vitamin D-supplements, it was
observed to associate with HbA,.. The models were, thus,
adjusted for sex, age, BMI, insulin dose, current smoking
status, season, diet score and supplemental vitamin B12.
All analyses were conducted with IBM SPSS Statistics for
Windows, Version 25.0 (IBM). A two-tailed p-value <0.05
was chosen to designate statistical significance.

3 | RESULTS

Data were available from 1181 individuals (43% men,
mean +standard deviation age 45+ 13years). Altogether,
38% of the sample reported no supplement use, while 27%
and 56% self-reportedly used some NVNM and vitamin or
mineral supplement use, respectively (Table 1). Compared
to individuals not reporting any supplement use, those re-
porting (62% of the sample) were more frequently women,
were less frequently current smokers, had lower BMI,
insulin dose, blood pressure and HbA,, and triglyceride
concentration, but higher HDL-cholesterol concentration.
Supplement use was also associated with closer adherence
to the dietary recommendations.

3.1 | The use of NVNM supplements

Fish oil supplements formed the largest group of NVNM
supplements (in 22% of the total sample) (Table 2). The
use of the other NVNM supplements, beyond that of
fish oil, was infrequent. Altogether, 2.5% supplemented
with proteins, peptides, or amino acids, 2.4% with herbal
preparations, 1.8% with plant oils, 1.3% with ubiquinone,
0.9% with conjugated linoleic acid, 0.5% with homeo-
pathic preparations and 1.9% with other supplements.

3.2 | The use of vitamin and mineral
supplements

Of the vitamins, vitamin D was most frequently supple-
mented with 45% of the sample reporting its use, followed
by supplemented vitamin B6 (31%), vitamin B12 (31%),
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TABLE 1 Participant characteristics of 1181 adult individuals with type 1 diabetes divided by the self-reported supplement use.

Supplement use
Vitamins or
No Yes NVNM minerals
n=449 (38%) n=732 (62%) p* n=314 27%) p* n=655 (56%) p*
Men, 1 (%) 250 (56) 261 (36) <0.001 115 (37) <0.001  226(35) <0.001
Current smoker, n (%) 68 (16) 67 (9.4) 0.002 282 (8.1) 0.002 59(9.3) 0.001
Age, years 45 (35-57) 43 (35-54) 0.204 46 (37-56) 0.741  43(35-53) 0.116
Diabetes duration, years 26 (18-40) 28 (19-39) 0.832 31 (20-40) 0.145  27(19-38) 0.949
BMI, kg/m2 25.8(23.8-28.4) 25.2(23.0-28.2) 0.034 25.0 (23.1-27.9) 0.034  25.2(23.0-28.2) 0.028
eGFR, mL/min/1.73 m? 103 (89-114) 103 (89-113) 0.827 100 (88-110) 0.136 103 (90-113) 0.975
Insulin dose, IU/kg 0.62 (0.49-0.80) 0.55(0.43-0.71)  <0.001 0.54(0.41-0.71) <0.001  0.55(0.43-0.70)  <0.001
SBP, mmHg 139 (126-151) 133 (123-144) <0.001 133 (124-146) 0.001 132 (122-143) <0.001
SBP (no AHT med.), mmHg ~ 132(122-143)  128(119-139) 0.016 130 (120-142) 0.199  128(119-138) 0.008
SBP (with AHT med.), mmHg 146 (135-160) 138 (128-150)  <0.001 140 (130-152) 0.008 137 (127-148) <0.001
DBP, mmHg 78 (71-85) 76 (70-83) 0.001 77 (70-82) 0.005  76(70-83) <0.001
DBP (no AHT med.), nmHg 79 (72-84) 77 (70-83) 0.027 76 (70-83) 0.026  76(70-83) 0.012
DBP (with AHT med.), mmHg 78 (71-87) 76 (69-82) 0.004 77 (70-81) 0.080  75(69-81) 0.001
HbA, ., mmol/mol 64 (57-74) 63 (55-70) 0.009 62 (54-70) 0.003 63 (54-70) 0.004
HbA,., % 8.0 (7.4-8.9) 7.9 (7.2-8.6) 0.009 7.8 (7.1-8.6) 0.003  7.9(7.1-8.6) 0.004
Cholesterol, mmol/L 4.5 (4.0-5.1) 4.6 (4.1-5.2) 0.133 4.6 (4.1-5.3) 0.049  4.6(4.1-5.2) 0.105
Cholesterol (no LL med.), 4.6 (4.1-5.2) 4.7 (4.2-5.3) 0.123 4.8 (4.3-5.4) 0.036  4.8(4.2-5.4) 0.071
mmol/L
Cholesterol (with LL med.), 4.3 (3.8-4.9) 4.3(3.8-4.9) 0.965 4.3 (3.7-5.0) 0.856  4.3(3.8-4.9) 0.797
mmol/L
HDL-cholesterol, mmol/L 1.5(1.3-1.9) 1.6 (1.4-1.9) 0.001 1.7(1.4-2.0)  <0.001  1.6(1.4-2.0) <0.001
HDL-cholesterol (no LL med.), 1.5 (1.3-1.9) 1.6 (1.4-1.9) 0.030 1.7(1.4-2.0)  <0.001  1.6(1.4-1.9) 0.020
mmol/L
HDL-cholesterol (with LL 1.5(1.2-1.8) 1.6 (1.3-2.0) 0.005 1.7 (1.4-1.9) 0.014  1.6(1-4-2.0) 0.005
med.), mmol/L
Triglycerides, mmol/L 1.0 (0.8-1.3) 0.9 (0.7-1.3) <0.001 0.9(0.7-1.2)  <0.001  0.9(0.7-1.3) 0.001
Triglycerides (no LL med.), 0.9 (0.7-1.2) 0.9 (0.7-1.2) 0.090 0.8 (0.7-1.1) 0.009  0.9(0.7-1.2) 0.143
mmol/L
Triglycerides (with LL med.), 1.1 (0.9-1.5) 1.0 (0.8-1.3) 0.001 0.9 (0.8-1.2) 0.003  1.0(0.8-1.3) 0.002
mmol/L
Diet score 11 (8-13) 11 (9-14) 0.024 12 (9-14) 0.001  11(9-14) 0.056

Note: Data are presented as frequencies for categorical variables and medians (interquartile ranges) for continuous variables with skewed distribution. For
these respective variables, each group with reported supplement use was compared against those with no reported supplement use using Chi-squared test and

Mann-Whitney U-test.

Abbreviations: AHT med., antihypertensive medication; BMI, body mass index; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; LL
med, lipid-lowering medication; NVNM, non-vitamin and non-mineral; SBP, systolic blood pressure.

“Compared to those with no reported supplement use (n=449).

vitamin C (31%), thiamine (29%), riboflavin (28%), folate
(28%), niacin (28%), vitamin E (21%) and vitamin A (14%)
(Table 3). Of the minerals, magnesium was the most fre-
quently supplemented (31%), followed by zinc (25%), sele-
nium (19%), iodine (17%), calcium (16%), iron (9.7%) and
copper (8.6%). Individuals who reported supplementing

with thiamine and zinc also reported diets with lower
thiamine and zinc densities compared with those with no
reports of the use of these supplements. The use of a given
vitamin or mineral supplement significantly increased the
frequency of meeting the dietary recommendations for
that nutrient compared to those with no supplement use.
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TABLE 2 The types and frequencies of non-vitamin and non-
mineral (NVNM) supplements reported.

n (%) of those

reporting n (%) of

NVNM the total

supplement use, sample,

n=314 n=1181
Fish oil supplements 264 (84) 264 (22)
Proteins/peptides/amino 30(9.6) 30 (2.5)

acids

Herbal preparations 28 (8.9) 28 (2.4)
Plant oils 21 (6.7) 21 (1.8)
Ubiquinone 15(4.8) 15(1.3)
Conjugated linoleic acid 11 (3.5) 11 (0.9)
Homeopathic preparations 6(1.9) 6 (0.5)
Other 22 (7.0) 22(1.9)

3.3 | Vitamin D supplement use and
glycaemic control

Compared to individuals not reporting, those reporting
the use of vitamin D supplements had a lower median
HbA,. (63 [54-70] vs. 64 [57-73] mmol/mol, p=0.003).
The curve exhibiting the association between vitamin D
supplement use and HbA,, is shown in Supplementary
Figure S2. In the adjusted model, supplemental vitamin
D remained associated with lower HbA,, (B, —1.91 [95%
Wald Confidence Interval, —3.47 to —0.35], p=0.016).
We additionally compared the HbA,, of individuals with
different amounts of supplemented vitamin D. In these
multivariable analyses, individuals with vitamin D sup-
plement use of <20 and >20pg had comparable glycae-
mic control (Table 4). However, comparing individuals
with supplemental vitamin D use of <30 and >30pg, <40
and >40pg, <50 and >50 pg, <60 and >60 ug and <70 and
>70pg showed that in all comparisons the individuals
with higher intakes had better glycaemic control.

4 | DISCUSSION

In the current study, 62% of adult individuals with type 1
diabetes reported using some dietary supplements during
the past 30days. In all, 56% of the sample self-reportedly
used some vitamins or minerals and approximately one-
fourth reported the use of NVNM supplements. While the
supplement use in individuals with type 1 diabetes has not
previously been investigated in detail, the current obser-
vations are comparable with those done in a few mixed
samples of individuals with type 1 and type 2 diabetes. In
one such sample from Austria, one-third of the respond-
ents reported the current use of some complementary or
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alternative medicine, with vitamins and minerals, herbal
medicine and cinnamon being those most frequently re-
ported.” In another sample of individuals with diabetes,
55% of the respondents reported the use of some form of
vitamin, mineral or NVNM supplement.® In that study,
the rate of NVNM supplement use was almost two times
higher in individuals with type 2 diabetes, compared to
those with type 1 diabetes. Among the individuals with di-
abetes taking part in the NHANES, 58% of the sample re-
ported some supplement use.’ By far the highest frequency
of supplement use, 99% of the sample, was reported in a
Danish sample of individuals with diabetes.* The rea-
sons for the high frequency of supplement use were not
evident. Importantly, details on the sampling procedure
would have been valuable for estimating the representa-
tiveness of the sample. In the same paper, however, the
authors compared their observations with those done in
the Danish general population. There, the reported rate
of supplement use, 64%, was closer to that also observed
in the current study. Of note, the observed frequency of
vitamin D supplement use (45%), in the current study,
was comparable to that seen in the Finnish general popu-
lation (33% in 25-65-year-old men, 53% in 25-44-year-old
women and 57% in 45-64-year-old women).**

Use of any dietary supplements, in the current study,
was more frequent in women and was associated with
better overall health. The more frequent supplement use
in women has also been reported in several earlier stud-
ies.>>** The better health in those reporting supplement
use could be related to the healthy user bias, meaning that
individuals who, in general, take better care of themselves
also tend to use dietary supplements. Indeed, also in pre-
vious studies dietary supplement use has been associated
with higher health awareness and interest in self-care,”
and the intention to eat healthy.” Based on the diet score,
in the current study, there was some indication of health-
ier dietary habits in those reporting supplement use.
However, calculated from the diet records, no major dif-
ferences were observed in the nutrient densities of those
supplementing and not supplementing with a given nu-
trient. Instead, for thiamine and zinc, the dietary nutrient
densities were in fact somewhat higher in those not re-
porting the respective supplement use. The use of a given
vitamin or mineral supplement was associated with a
higher frequency of meeting the respective dietary recom-
mendations. However, the current study does not answer
the questions of whether dietary supplement use was, in
all cases, essential for the health; whether the supplement
use, in some cases, resulted in overdosing; or whether a
more prudent dietary intake would have been sufficient
for meeting the recommendations.

Due to the recent interest in the extra-skeletal effects
of vitamin D, we also investigated the association between
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TABLE 4 Association between the reported dose of vitamin D supplement use and HbA, .

Dose of

vitamin D HbA, . (mmol/mol, [%]) if
supplement supplementing the amount
(ng) n* shown in the first column
>20 293 64(63-66), [8.1(7.9-8.2)]

>30 150 62 (60-65), [7.8 (7.6-8.1)]

>40 113 62(59-64), [7.8 (7.5-8.0)]

>50 99 61 (58-64), [7.7 (7.5-8.0)]

>60 45 60 (56-64), [7.6 (7.3-8.0)]

>70 36 59 (54-63), [7.5 (7.1-7.9)]

HbA,. (mmol/mol, [%]) if

supplementing less than Adjusted difference

shown in the first column (calculated for mmol/

or not supplementing atall  mol values) P

65 (64-66), [8.1 (8.0-8.2)] —0.80 (—2.57 t0 0.97) 0.374
65 (64-66), [8.1 (8.0-8.2)] —2.52 (—4.81 to —0.23) 0.031
65 (64-66), [8.1 (8.0-8.2)] —3.00 (—5.61 to —0.40) 0.024
65 (64-66), [8.1 (8.0-8.2)] —3.96 (—6.73 to —1.18) 0.005
65 (64-66), [8.1 (8.0-8.2)] —4.95 (—9.04 to —0.86) 0.018
65 (64-66), [8.1 (8.0-8.2)] —6.05 (—10.71 to —1.39) 0.011

Note: HbA, concentrations are shown as the mean (95% Wald Confidence Interval). General linear regression. Models are adjusted for sex, age, BMI, insulin
dose, current smoking status, season, diet score and dose of supplemental vitamin B12.

*The number of individuals with supplemental vitamin D dose at the shown level.

its supplemental use and glycaemic control. In these
analyses, we observed that those reporting supplemen-
tal vitamin D use had lower HbA,, concentrations com-
pared to those not supplementing. While the unadjusted
difference in HbA,, between those reporting and not re-
porting vitamin D supplementation is unlikely clinically
significant, the adjusted models investigating the role
of increasing dosage, further strengthened the results.
Importantly, these analyses were adjusted for several po-
tential confounders, including age, sex, BMI, season and
a number of self-management variables, suggesting that
there was an independent association between vitamin
D supplementation and glycaemia that would extend
beyond the healthy lifestyle. These results were further
strengthened when we observed evidence suggesting in-
creasing benefits associated with higher vitamin D doses.
Indeed, no difference in glycaemic control was evident
when we used a cut-off value of 20 pg. However, beyond
this, that is in the comparisons between those supple-
menting with >30 and <30pg, >40 and <40 pg, >50 and
<50pg, 260 and <60pg and >70 and <70pg, the glycae-
mic control was in all cases better in those with higher
dosing. Furthermore, with increasing vitamin D dose,
also the B-value was observed to decrease which could be
suggestive of a dose-response.

The previous reports on vitamin D and glycaemia in type
1 diabetes are mixed. While low serum 25-hydroxyvitamin
D concentrations have been associated with insulin resis-
tance and higher insulin requirements, also observations
of no association have been reported.("&ls’26 In one study,
individuals with severe vitamin D deficiency had higher
HDA, . concentrations compared to the other participants,’
butnoassociation between serum 25-hydroxyvitamin D and
HbA,, was reported in another.”” Perchard et al. observed
a negative correlation between serum 25-hydroxyvitamin
D concentration and HbA,, at baseline, but reported no
improvement in glycaemic control following a single large

dose of cholecalciferol.'"’ A small sample size and inclu-
sion of children with short diabetes duration, with poten-
tial residual insulin secretion, may have confounded the
observations. In another study, a six-month vitamin D
intervention significantly increased the C-peptide levels
of children in the active intervention arm but resulted in
no improvement in glycaemic control.'”* Furthermore, a
number of studies have shown improved glycaemic con-
trol following a vitamin D intervention.”'%?** However,
with a missing control group, it cannot be excluded that
the improvement was caused by a more meticulous self-
care associated with the participation in the study. Finally,
in one study, a clinically significant decrease in HbA,, was
observed in individuals with type 2 diabetes receiving vi-
tamin D supplementation for the management of vitamin
D deficiency.19 However, no such improvement was ob-
served in those with type 1 diabetes.

A few mechanisms could explain the association be-
tween vitamin D and glycaemia. First, low serum vitamin
D concentration results in elevated parathyroid hormone
(PTH) levels which, in turn, is associated with impaired
glucose tolerance and decreased insulin sensitivity.*
Vitamin D may also impact insulin sensitivity via its role
in immunomodulation.’! Finally, serum vitamin D stim-
ulates the expression of insulin receptors and thus could
improve the cellular intake of glucose.*

For assessing the frequency of supplement use, the
current cross-sectional study design was well-suited.
Instead, in the analyses with the associations between
supplement use and glycaemic control, causality may not
be assumed in this observational study with secondary
data analysis. While our observations are hypothesis-
generating, given the continuing improvement in glycae-
mic control with increasing vitamin D dosing, the study
results need to be interpreted with caution. Another im-
portant limitation, of this study, is the use of a self-report
method for collecting data on supplement use. Unlike for
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medication, however, no registers are available for sup-
plement purchases. Both under-reporting, in those either
forgetting or failing to report supplement use and over-
reporting, if supplement use was perceived socially de-
sirable, may have taken place. Whether misreporting is
related to glycaemic control is not known. An additional
limitation, related to this study, is that we did not mea-
sure the serum vitamin D concentrations. Data on the vi-
tamin D status may have provided additional information
that was not otherwise available. Data on socio-economic
status were not available for the current analyses. This
could have potentially influenced the results as dietary
supplements, including those of vitamin D, are not reim-
bursable by the national health care system. Finally, due
to measurement errors and large variability in daily food
intake, the food record method for collecting data on di-
etary vitamin and mineral intake may be limited.

The major strengths of this study are the large sample
size and a well-defined study sample. Some selection bias
may, however, be expected as those with greater interest
in their health more readily take part in health-related
studies. The likely consequence of this is the dilution of
the current observations. Finally, due to the low number,
we excluded individuals with eGFR <60 mL/min/1.73 m*
from the current analyses. With advancing kidney fail-
ure, changes in both HbA,. and supplement use may
be expected. Therefore, separate analyses may be war-
ranted. Due to the exclusion of individuals with evidence
of kidney impairment, the current observations may only
be generalizable to other individuals with type 1 diabetes
with preserved kidney function.

In conclusion, the use of dietary supplements was com-
mon in this large sample of adult individuals with type 1 di-
abetes. Due to potential side effects and drug-supplement
interactions, the high frequency of supplement use may
have clinical relevance. The use of supplements was more
common in women and was associated with better over-
all health. Of the vitamins and minerals, vitamin D and
magnesium, respectively, were most frequently reported.
Supplementation with vitamin D was associated with bet-
ter glycaemic control even after adjustments for several
important confounders. The results were suggestive of a
dose-response with higher vitamin D doses being asso-
ciated with lower HbA,.. The causality between vitamin
D dosing and improved glycaemic control should be as-
sessed in a randomized controlled trial.
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