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Abstract

Despite the rise in the number of diabetics, studies on nutritional supplementation to help improve glycemic control type 1
diabetes can often be lacking. This review systematically collated research on the supplementation of glutamine, vitamin D,
and magnesium to analyze what is currently known and what gaps in research can be filled. It was found that glutamine
research is severely lacking but shows promise as a supplement to aid in glycemic control. Deficiencies in Vitamin D and
magnesium show some relationship to poor glycemic control with some mixed results for supplementation beyond
repletion. Data outside of the target population shows that all three supplements show potential promise in maintaining -
cell health in those with residual B-cells. In conclusion, glutamine and magnesium show the most value in improving
glycemic control, but the mechanisms behind this are not known. More research is needed in this field to confirm and
strengthen assumptions.
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1 | INTRODUCTION glycemic control in newly diagnosed diabetics or
those with latent function [3-4]. Individuals with
persistent B-cell function have been shown to have
better glycemic control with less incidents of life-
threatening or severe hypoglycemic episodes [4].

ype 1 Diabetes (T1D) is a chronic disease

that manifests because of autoimmune

onslaught on B-cells within the pancreas
leading to a stark decline of endogenous insulin
production and subsequent reliance on exogenous
insulin to preserve life [1-3]. The dysfunction of the
endoplasmic reticulum (ER) of B-cells is considered
a marker for T1D autoimmune onslaught and
development [2-3]. As cellular stress induced
fragility of the ER membrane leads to subsequent
dysfunction and therefore decline of endogenous
insulin production, preserving -cell ER membrane
integrity may be a potential method of increasing

Glycemic Control

Improving glycemic control is paramount to the
health of those with TID whether it be through
preservation of f-cell function or otherwise.
Glycated hemoglobin (HbAlc) is a widely used
measure of glycemic control as it can reveal a
biological blood sugar average over the course of
the lifespan of a blood cell—about three months [5].
Individual measurements of HbAlc have been
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of questionable value [6-7]. Single-measurement
HbAlc has a tendency for inaccuracy regarding
actual blood sugar averages with it commonly
being either wunder-or overestimated [6]. In
addition, HbAlc alone is a weak reflection of a
patient’s history of or tendency towards hypoglyce-
mia which is acutely dangerous [4,7].
However,despite the relative unreliability associated
with single-point measurements of HbA 1¢,maintain-
ing measures of it are of paramount importance due
to it being of immense value for measuring
glycemic variability [8-9]. Glycemic variability
(GV) is a compilation of data points of HbAlc
measures or, in the case of continuous glucose
monitoring(CGM), blood glucose measures to
track glycemic trends more accurately than
single-point measures [8-9].Poor glycemic control
is typically defined as higher HbAlc and GV
[8-9].Frequent measurements of HbAlc have been
associated with lower odds of complications
(OR 0.64,0.43-0.97)as wellas glycemic improv-
ements [9]. Higher HbAlc and GV is linked to
a higher risk for cardiovascular complications
such as cardiovascular disease and cardiac
autoimmunity as well as overall mortality
[10-11]. Glycemic control also has an impact on
brain function with cognitive dysfunction being
relatively common among those with poor glycemic
control [12].

T1D Statistics

Approximately 1.3 million people in the United
States are reported to have TID [13]. The
prevalence of the disease has been increasing,
especially in racial minorities, those of lower
socioeconomic status, and individuals with SARS-
CoV-2 (COVID-19) infection in the past thirty days
[14-17]. While incidence of the disease decreases
after the age of 14, the overall incidence rate has
been increasing yearly with an almost 2% increase
annually from 2002 to 2015 [18-19].

This review aims to address how different
supplemental nutrients such as glutamine, vitamin
D, and magnesium affect glycemic control in T1D.
The reviewed interventions involve supplementary
nutrition consisting of glutamine, vitamin D, and/or
magnesium with the main outcome being glycemic

control. Glycemic control, which is measured via
HbAlc and, when available, HbAlc wvariability.
Included analysis has measurements made prior to
intervention initiation and at least once again at a
time span of at least 3 months after initial
intervention.

Additional outcomes include key nutrient status,
other health markers, and patient satisfaction.
Nutrition status would vary per intervention but
would consist of any change in serum amount of the
nutrient of focus. Measurements of additional outco-
mes would follow the same or similar time span and
frequency of glycemic control measurements.Health
markers such as lipid levels are also noted, when
applicable and available.

Subgroups are defined by different supplement
types utilized, namely glutamine, vitamin D, and
magnesium. This review aims to compile available
literature to explain how each subgroups affect
glycemic control. Each subgroup will conform to
the previously recorded investigation methods with
some specific changes. Glutamine analysis will also
investigate upstream and downstream substrates
such as glutamate to glean a better understanding of
how it affects glycemic control. Vitamin D analysis
and magnesium analysis will more deeply consider
the starting nutrition status of the patients involved
by demarcating deficiency status. Studies will also
be differentiated on the base of dosage, dosage
scaling over time, and dosage amount.

2 | METHODS

Protocol and Registration

This systematic review’s registration ID is
CRD42022313368. The PRISMA 2020 Checklist
was used to formulate this review and to help
analyze data.

Search Strategy

The review utilized PubMed, Ovid, EBSCO
(Academic Search Complete), MEDLINE, and
EMBASE to compile research data. The search was
restricted to English language and the year span of
2010-2022. Due to the sparse information,
modifiers were used liberally or not at all to broaden
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the scope of the search. Additionally, the searches
were re-run prior to final analysis. Key words used
included the following:

* “type 1 diabetes”, “t1d”, “type 17, “diabetes
mellitus type 17, “diabetes mellitus”

* “supplementary nutrition”, “supplement”

« “vitamin D”, “cholecalciferol”, “ergocalciferol”,
“vitamin D3, “vitamin D2”

*“magnesium”, “Mg”

«“glutamine”, “glutamate”, “GIn”, “Q”

*“glycemic variability”, “glycemic

29 ¢

“glycemic”, “glycemia”

control”,

Eligibility Criteria

The main study types included were randomized
controlled trials as they determined the effectiveness
of each intervention. Cohort studies were included if
they could determine the long-term effect and
feasibility of an intervention. Case-control studies
were used to supplement the review with additional
analysis of cellular mechanisms and dynamics that
may be unique in the disease of interest. Qualitative
studies were also used to supplement the review by
providing information on whether an intervention is
practical.

Studies were included in the main analysis if the
patients had T1D and no notable comorbid diseases
that would affect nutrient dynamics except for
vitamin deficiencies or processes associated with the
disease of focus. Studies were not setting restricted,
but the focus was preferentially in an out-patient
context. The main outcomes of included studies
measured glycemic control via HbAlc and GV. For
the main analysis, those without T1D were excluded.
Additional research data outside of the main scope
of research—for example, involving those without
diabetes—was included to enhance the information
derived from directly applicable research. Since the
data for specific supplements concerning T1D can
be relatively sparse, this additional data is meant to
expand upon the mechanisms behind what is
available as well as offer additional insight into
where the future of TID nutritional supplement
research can go.

Data Extraction and Quality Assessment

Data extraction was completed via Excel©
spreadsheet with guidance from the Cochrane
Consumers & Communications Review Group Data
Extraction template [20]. Data sources were
compiled for analysis from the aforementioned
research databases. Information analysis included
study type, study size, blinding, randomization
methods, nutrition deficiency status of participants,
frequency of data gathering, HbAlc levels, nutrition
status, length of time since diagnosis of T1D, and
relevant health history. Purpose was established for
each extracted study to ensure the aims matched
what the review is intended to cover.  The
description of the methods, sample group, and study
design were compiled to ensure that the studies had
adequate power or were otherwise statistically valid.
The results were similarly parsed to ensure
statistical validity of the research as well as how it
may tie into the review’s scope. Quality of data was
ensured by a combination of risk assessment and
determining statistical validity.

The data extracted generally set statistical
significance at p<0.05 and/or were within 95%
confidence intervals. While many studies were
blinded, few were explicitly double-blinded. Some
were not blinded at all. Research studies were run
through a risk of bias assessment and checked for
quality. Figure 1 shows the process through which
articles were systematically identified, screened, and
reviewed.

Recordsidentified through Additional records identified
datzbase searching through other sources
[n= 532} {n= 0}

l |

Records after duplicates removed
[n= 314}

l

Records screenad
(Title and Abstract)
(n=214)

l

Full-taxt articles assessad Full-t=xt articles excluded,

f:r_EIL;iI:liIit\r with reasons
[n=82) (n= 22}

] [ M entification ]

Screening

Records excluded
[n=232)

l

Eligihility

) |

|

Studiesincluded in
qualitative synthesis
(n=860)

Includ ed

Figure 1. PRISMA Diagram
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3 | RESULTS
Glutamine Supplementation

Nocturnal hypoglycemia significantly increased with glutamine supplementation (p=0.03; p=0.045) in
adolescents post-exercise [21-22]. One study noted the mechanism behind the hypoglycemia was not
significantly associated (p=0.4) to alterations in insulin sensitivity [22]. These studies indicate that
glutamine supplementation in T1D patients reduces blood glucose levels but not by increasing insulin
sensitivity.

Table 1. Glutamine Studies in T1D Data Extraction

Glutamine - Type 1 Diabetes Information

Mauras, N., Xing, D., Fox, L A., Englert, K., &

Darmaun, D. (2010). Effects of glutamine on In a randomized crossover controlled trial, 10adolescent  To investigate the effect of

glycemic control during and after exercise in type 1 diabetics were given eithera glutamine or placebo oral glutamine on

adolescents with type 1 diabetes: a pilot study. drink prior to exercise and bedtime. Exercise consisted of postexercise nocturnal Hypoglycemia was more common with
Diabetes care, 33(9), 1951-1953. four cycles of 15minutes on treadmill and 5 minutes hypoglycemia in type 1 glutamine intervention compared to the
https://doi.org/10.2337/dc10-0275 resting and occurred at 3PM with drinks for 3 weeks. diabeticadolescents placebo (P=0.03; P=0.05).

Torres-Santiago, L., Mauras, N., Hossain, J.,
Weltman, A. L., & Darmaun, D. (2017). Does oral  In a double-blind, crossover, randomized control trial, 13

glutamine improve insulin sensitivity in adolescent patients with type 1 diabetes performed four  To investigate if glutamine

adolescents with type 1 diabetes?. Nutrition cycles of 15-min treadmill/5-min rest twice in a 4 week intervention increases intervention did not alter insulin sensitivity
(Burbank, Los Angeles County, Calif.), 34, 1-6. period. They randomly received glutamine or placebo insulin sensitivity in (P=.4). Overnight hypoglycemia increased
https://doi.org/10.1016/j.nut.2016.09.003 drink. Blood sugar was tracked. adolescent type 1 diabetics afterintervention (P=.045)

Supplementary Information

Glutamine supplementation in non-diabetic patients has been shown to significantly attenuate the rise of
blood sugar (p=0.007) after consuming a carbohydrate-dense nutritional drink as well as generally slow
gastric emptying [23]. However, in type 2 diabetics (T2D), neither insulin secretion nor postprandial
glycemic control was significantly improved by glutamine supplementation [24]. Glutamate—an amino
acid tied to glutamine in a biological cycle—attenuated (p<0.05) rises in blood glucose when carbohydrates
were taken in combination with glutamate [25-27]. The glutamate-glutamine cycle is an important aspect of
neurotransmission within glutamatergic and GAGAergic neurons [26-27].

Glutamine has also been found to affect the immune system with being stimulated to increase lymphocyte
count in anorexic and inflammatory response syndrome patients [28-29]. Glutamine supplementation also
has been shown to suppress inflammatory response by decreasing T-cell leukocytes (p<0.05) and killer cell
(p<0.01) count in patients with inflammatory response syndrome [29]. Studies on how glutamine affects
cells find that glutamine supplementation promotes proliferation of cells while preventing ER stress-induced
apoptosis [30-31]. The research suggests glutamine supplementation might attenuate both inflammatory
response and inflammation induced ER membrane stress associated with autoimmune conditions such as
T1D.
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Table 2. Glutamine Studies

Cetinbas, F Yelken, B, & Gulbas, 7. (2010). Role
of glutamine administration on celular immuni oy
after total parenterral nutrition enriched with
glutamine in patients with syste flammatory
response syndrome_ lournal of critical care, 25(4).
G661 e1—661.e6616.

hittps:/f doi.org/10.1016/ j.jcre. 2010.03.011

Crespo, | San-Miguel, B, Prause, €. Marroni, M.
Cuevas, M. 1. Gonzles-Gallego, J.. & Tufion, M. 1.
(2012). Glu ine treatment attenuates

endoplasmic reticulum stress and apoptosis in
THBS-induced colitis. FIoS one, 7(11). e50407.
https:/fdoi.org/ 10,1371/ jo urnal. pone . 0050407

Di Sebastiano, K. M. Bell, K. E._ Barnes, T,

WWee raratne, A Premiji, T, & Mourtzakis, W
(2013) . Glutamate supplementation is associated
withimproved glucose metabolism foll owing
carbohydrate ingestion in healthy males. The
British journal of nutrition, 110(12), 2 165—21732.
hittps:// doi.org/10.1017/ 50007114513 001633

Du, ¥. T, Piscitelli, D, Ahmad, S Trahair, L G,
Greenfield, 1. R., Samocha-Bonet, D., Rayner, C.
K., Horowits, M., & lones, K. L. (2018). Effects of
Glutamine on Gastric Emptying of Low- and High-
MNiutrient Drinks in Healthy Young Subjects-lmpact
on Glycasmia. Nutrients, 10(6), 739,

hittps:// doi.org/10.3390/ nul00607 39

Jiang, O, Chen, 1. Liu, S Lio, G, Yao, K & Yin, ¥

(2017). I-Glutamine Attenuates Apoptosis Induced
by Endoplasmic Reticulum Stress by Activating the
IRE La-X BP1 Axis in IPEC-12: A Nowvel Mechanism of

-Glutamine in Promoting Intestinal Health.
International journal of molecular soences,
18(12), 261 7.
https://doi.org/10.3390/ i ms18122617

Mansour, A Mohajeri-Tehrani. M. R Qorbani,
M., Gharmari, M., Larijani, B., & Hosseini, S, (2020).
Postprandial glycemia and insulinsecretion
following glutamine ad ministration: A

d controlled trial. International journal
and nutrition research. Internationale

Zeitschrift fur Vitamin- und Ermahrungsforschung.
Journal international de vitaminologie et de
nutrition, 90(5-G). 425423

httpss/f doi org/ 10,1024/ 0300-9831/ a000463

Mo ndello, 5. taliano, D.. Giacobbe., M. S..

Mo ndello, P Trimarchi, G, Aloisi, € Bramanti,
P &Spina, . (2010). Glutamine-supplemented
total parenteral nutrition i mproves
immunological status in anorectic patients
Nutrition (Burbank, Los Angeles County, Calif.),
26(6)., 677—GE1.

https:/f doi.org/ 10,1016/ j.nut. 2008, 10.008

Schousboe. A. Scafidi. 5. Bak, L K.,
Waagepetersen, H. S, & MckKenna, M. C. [ 2014)
Glutamate metabolism in the brain focusing on
astrocytes Advances in neurobiology. 11, 1330
https://f doi.orgd 10,1007/ S78-3- 319-08804-5_2

Outside of T1D Data Extraction

In this prospective, randomized control trial, 30 SIRS
patients were either given 0.dgflkgd] L-Glutamine or a
control for 6 days. C-reactive protein, Igh, 1gG, IgA, C3, C4,
and lymphocytes were tracked via blood analysis on day 1
and day 6. The Acute Physiologic and Chronic Health
Evaluation |l score and the Simplified Acute Physiologic |l
score we re used to analyze patients.

Male rats had colitis induced wia TNBS and were
subsequently given glutamine daily for 2to 7 days
Oxidative stress and ERS markers we re track ed al ongside
other biological markers.

In this controlled study, 9 patient participated in 4 trials:
GLUSCHO, GLU+placebo, CHO+placebo, placebo+placebo
(control). Bloodwas taken at O (fasting). 10, 20, 30, 40, 50,
60, 75, 90, 105 and 120 min.

In this randomized crossover control trial, 8 healthy men
consumed sither 30g of glutamine or no glutamine before
partaking ineither a low-nutrient beef soup or high-
mutrient dextrose drink on four separate occassions.
Gastric emptying, blood glucose, and plasma insulin were
tracked during each event.

In this laboratory experime nt, intestinal porcine epithelial
cell line 12 was exposed to tunicamycin to induce ERS.
After obse rvation of the media till after apoptosis, -
glutamine was introd uced and observed.

In a double-blind randomized controlled trial, 66 patients
with T2O either recsived 30 g/d glutamine or a placebo for
Gweeks. Fostprandial C-peptide. insulin, and glucose
were tracked from baseline and at the end of the trial ot 30
and 90 minutes after consuming a meal

In this randomized controlled trial, 36 anorectic patients
either received standard PR or PN with glotamine

(0. 18/ kg d]) for 20 days. Serum neopterin, IGF-1, and
Iymphocyte count were tracke d at baseline, 10 days, and
20 days.

This is a chapte r going over the mechanisms behind
glutamate metabolism in the brainwith a focus on
astrocytes.

Toidentify the effec of
intravenous glutamine
interve ntion on immuone
stare atients with
syste inflammatory
response syndrome (SIRS).

Toidentify how glutamine
affects ER stress and
apoptosisin arat model of
experimental IBD

Toinve stigate how carbs
affect glutamate levels and
how glutamate levels

affect glucose metabolism

Toidentify the effect of
glutamine on gastric

&= mptying and glycemic
response after exposure to
drinks of varied nutritional
value in healthy males

Toinve stigate if L-
glutamine can attenuate
endoplasmic reticulum
stress [ ERS) induced
apoptosis

Toinve stigate the effect of
glutamine interve ntion on
postprandial glycemial and
insulin secretion in type 2

disbetics

Toinve stigate the effect of
glutamine intervention on
the immune syste m of

anorectic patients on total

Toillustrate glutamate
metabolism in the brain
focusing on astrocytes

While some changes occurred, most were not
at a significant level. intervention

sigr antly decreased leukooyte and killer
cell count. On the sixth day, the Simplified
Acute Physiologic |l score was low in the
intervention group but not inthe control
group. These results generally demonstrate
that glutamine intervention may help

sup press inflammation.

Glutamine helped inhibit the progression and
increase of of oxidative stress, ERS, p5S3.
cytochrome c© expression. and caspase-9,
caspase-§, caspase-3, INK phos phorylation,
and PARP-1 proteclysis. it helped preve nt the
fall of Bol-xL expression and Bas/Bcl-2 ratio.

Flasma glutamate increased post GLU and
GLU+CHO trials. Glucose response was
attenuated by highe rglutamate levels during
GLU+CHO.

Glutamine did not significantly affec blood
glucose values from the low-nutrie
Howewver, it attenuated the typic
blood sugar from the high nutrient drink for
about 60 minu tes (P=0.007). Gastric emptying
slowed regard less of drink type with
glutamine intervention.

L-glutamine promoted cellular proliferation
and maintains high GRP7S levels, and helped
to prevent apoptosis. This is due to L-
glutarmine modulating both ERS and CHOP-
mediation.

intervention did not sign ificantly improve
postprandial glycemic control or insulin
secretion

After 10 days, serum neoprerin significantly
increased in those supplemented (P=0.001)
Coupled with an increase inlymphocytes, the
intervention of glutamine seems to s timu late
the immune system in these patients

The glutamate-gluta mine cycle is one aspect
of the neutrot ransmission system i nwolving
astrocytes

Walls, A& B. Waagepetersen, H. 5., Bak, L K.

Schousboe., A & Sonnewald, U (2015). The

glutamine-glutamate/GABA cycle: function.

regional differences in glu tamate and GABA

production and effects of interference with GABA

me tabo lism. Meurochemical research, A0{2). This article illustrates the glotamine-glutamate/GABA
402—409. hitps:/f doi .org/10.1007 /51 1064-014-1473- cycle and how it applies to aspecs of metabolism in the
1 bBody

Toexplain the
Glutamine —Glutamate/GAB
A Cycle

Glutamine is important in both glutamatergic
and GAGAergic neurons

Vitamin D Supplementation

Results on Vitamin D supplementation in patients with T1D tends to be relatively mixed but deficiency in Vitamin D was found
to be common in most studies [32-37]. A study of 194 children did not find a significant relationship (p=0.057) between
HbAlc and Vitamin D levels despite extensive statistical analysis and both bivariate and multivariate modeling [32]. In an
investigation of the supplementation of Vitamin D in both T1D and T2D patients, the study found while Vitamin D effectively
decreased HbAlc in T2D patients, the supplement had no significant (p=0.52) decrease in T1D patients [35]. However, the
power analysis for this study found the T1D branch was low (7.5% for 88 patients) power while the T2D branch was high
(60.4% for 37 patients) power [35]. Repletion of Vitamin D with 20000 Ul/week for 6 months in a largely Hispanic and
female group did not result in significant changes in either glycemic control (p=0.96) or IL-6 (p=0.85) inflammatory marker
levels [37].

In a nonblinded, nonrandomized study with 80 patients, supplementation to replete deficiency was found to lower HbAlc after
a 12-week intervention (r=-0.4, p=.001) with univariate and linear analysis of data done [33]. Another study—double-blinded
with 39 patients, high doses of Vitamin D (4000 IU/d were found to be effective in lowering both HbAlc¢ (p<0.001) and usage
of exogenous insulin (p=0.003-0.039) with increases in serum Vitamin D (p=0.003) and regulatory T-cells (p=0.017) occurring
more strongly in male participants [38]. In another case, Vitamin D supplementation significantly (p<0.0001) improved
glycemic control in children [34].

Beyond supplementation, different levels of Vitamin D deficiency were correlated to different levels of glycemic control with
multivariate regression showing a significant (p<0.01) link between serum levels of Vitamin D and HbAlc level [36]. In a
similar vein, interleukin-6 (IL-6) was seen to be significantly higher (p=.026) in those deficient in Vitamin D [37]. When
paired with saxagliptin, supplementation might help preserve B-cell function in latent autoimmune diabetes in adults—also
known as LADA [39]. Vitamin D seems to be vitally linked to maintaining a healthy baseline levels of IL-6 and glycemia
[36-37].
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Table 3. Vitamin D Studies in T1D Data Extraction

e S - S o

Vitamin D - Type 1 Diabates Informa than

Al Sawak, 5. Campher, C W, Hanlan, AL, &
Lpman, T-HL (2006] 25 Hyd monitaamin D and
@ ool ¢ contral: A orcees se dthonall stud yof

il drean and adol esoe nts Wil tyipe 1 diabetes

s partafa onoss. se aikonal study, 25 hydnooyatamin D and
Bioaod sugar were di e dtiy measured via non fasting bikaod

T Wrwestigate vitamin D

TR I e NS froem 197 pase nds from a ohil dren s o spial | beved s an d i they Fave an

dialeie scenter during usual fio Bow  un wisi wihile Ho AL

IDiat etes rese anch and clinicl pRaice, 115, 54-59 was derved fmim medical records. WMicst s ents

tipsy) dol ong 101016 i e s J018 (B.O02

Aljat, B S Bokhar, 5_A & Ehan, B 1 (2000
Eyremic dhanges afte rvitamin D

S TS ARG B P e s vel B type 1 diabetes
med B and vitamin D defioe noy. Annals of Saudi

mied kdn e, 30 5], 45455
ninpsy doi ong’ 1041030056 847 TIES

Bogdancay, O, Penna Marsines, M., Rlmann, 8,
g, T L, Maran Auth, Y. We bele, | Cappel,
L, Buen eoie, 5., Mermmann, £, Eochl, U, &

Badenhoop, K (217 T lymp hooyte and ghycsmic

statu after vitasmin D Taatme it in fype 1
et R 57 A ranecha imiE 2 o o e il v
sequental oncssover. Nabetes me abialam

= seanch and reviews, 3313, 10 002/dm 2855,
bty doiang’ 101003 /dmer 2255

Il 2amem ad k. 5., Fasali, ML, Taori, M, S VR,
ML A (2015 Effect of vissmin 43 suppbement i
@ voemil o contrald of ped lafrics with type 1
dialbe e 5 el and vismin d defickency.
Jaunral of i 3 and d agncetic rese andh | 10DR,
23], SCE-ECT.

o u, B UL, & Maranda, L (2004). The cffecs of

vl i i 0 ol TR A I e B it
dysfunc #an, vitamin D sat, and ghyos mic

rpneStigated wWiene 2.00ke 200 T, maks, 2nd Qs ian.

Bz partata prospetive, monill node d, and mon e doen ped
oo ol exd ttal, 000U vitamin D2 and 1300 mg'd Cawe e
@ive n o S0vinamin D deficen tpation = with type 1
dialbetes. 35 Fyndnooyd Qe n Dand Hb Lo ke ks wiere
meagu e d 3t base Bne aind 3t 12 weeks (34 days)

Fs partafa endomized, doubibe - blind, oot Bed trial
Wi 2 sequeni Bl onos soved, 39Tyine Ldiabetic patients il
wiere gve n D001 d chal ecalafe mifor 2 manths. In the
fio ovrin g 2 imicen Bhs, half we = given placehio while the
otther half we e given 3 sequen Sal Altennas e

Wil study fo Bowne d dnill dren wih sype 1 dial etes wiha
wieine defiche it i n vimmin D, 25 biyd mopvitamin D and
Hb AL e = oD aned befiore and after 23 mansi
Intenventhon consksting of 200000 W vitamin D2 and wo
A retmospe e Sudy wias comnd ucbed bnveo bing 21
pasents with cither sype Lor ype 2 dabefie s 55 wiere
wipe 1 diabe s os wihile 43we e type 2 dabieses. AN were
diagnosed with dabe e sfor pe ate rthan I manths and

i ol b o idren aind ad clesicen & with vitamin | & ol vitaemin D to weatvitamin D de fidenoy. The se

defid encyand efthier type Lartype Zdabetes
B Plas ane, N, cO0sE.
hittpsyy dol org’ ML 137 Lo mial Jpon e D0SS645
Savastho, 5., Cadarko, Fo, Gononl, G, B lkoma, &,
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Key markers of inflammation (p=0.19) or glycemic control (p=0.46) did not improve in 6 months with high-
dose supplementation of Vitamin D [40]. However, supplementation is generally found to significantly
decrease insulin resistance (p<0.001) and thereby improving insulin sensitivity [41-43]. This is linked to
decreasing diabetes risk in prediabetics who are deficient in Vitamin D [42]. Supplementation additionally
was found to lower fasting blood sugar (p<0.001), fasting insulin (p<0.001), inflammatory markers
(p<0.001), and beta cell output (p=0.03) in healthy obese or overweight patients [41]. Along with improving
insulin sensitivity (p=0.05), glycemic control (p=0.002), and oxidative stress (p=0.04) were impro-

ved compared to the control in elderly patients at 6 months [43]. This research generally concludes Vitamin D
supplementation, especially to replenish deficiency, is beneficial to improve general health.

Table 4. Vitamin D Studies outside T1D Data Extraction
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Magnesium Supplementation

No correlation was noted between levels of serum magnesium and HbAlc (r=-0.014, p=0.843) in a
prospective cohort study [44]. However, other studies contradict this prospective study’s findings.

Low serum magnesium was linked to poor glycemic control (p=0.002) with low magnesium being common
in those with poor control [45-46]. There was a significantly negative correlation (adjusted r (2) =0.172,
p=0.004; r=-0.625, p<0.001) between magnesium and HbAlc [45-46]. Potential health complications such
as BMI (r=-0.197, p=0. 04), triglyceride levels (p<0.001), total cholesterol (p<0.001), low-density lipoprotein
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(LDL) (p<0.001), and duration of diabetes (p<0.001) are also negatively correlated with HbAlc and
magnesium levels [46-47]. Repletion of magnesium deficiency has been shown to improve both glycemic
control (p<0.001) and lipid profile in children (p<0.001) [48]. In general, low magnesium levels are linked to
poor glycemic outcomes as well as decreased overall health quality as measured by key health indicators such
as cholesterol.

Table 5. Magnesium Studies in T1D Data Extraction

Mogacsium - Tioel Diabetesiaformation

Puoat i iy b oo ol wias assod iaae d wish
AT TN B e vieds | POUIDZ]. S

izl i T Enop oo, B WagEania 1 Eygios, L, e B 2and Bt 1o Faad anegase

Mioe zakil, K, Gaam matikono ukou, B G, Sylianou, oornedathon | P<OUO0L) 2nd She twed rema ned
O & Earavaraki B (3004, feend hon hetwes n ni 3 onos s sectho mad s dy, 1738 yourthe fmm age 19 203 Ta wvvestigate magnesium | sipnifhcantly assnciate d (adjusted n| A-0.17F;
TR B o0 Mo R thon 2n g Hb AL bn chillden e am winh type 1diahetes wiers assessed . ewelsand W they havwe an | P=004) atter adpustme nts o oo o und g
and 2dols soon TS Wil S Tyipe 1dabetes molinus Anthrano Metrics, M 1o, senm Mg, konined C2, totall G2, P, associaSon with @ycemic  |faors. Pooroontmilodds ratk betwesn
Jounral of diabetes Gl4] 355-37T7. £, M3, amd wringery 2 min woe e e e d witils ool e by 1 diabetic IR B o0 nens Ao o uaetile 5 wias 0L1S0
minsy) dolong’ 10 1111/1753 40712018 estimated ghomenular § Brathon raie was alobied ot (L7% Mo ALK bowered)

rdacko 0 Axevedo, T Balsa b W, Feedde, 5 I of those shud ked had bow magn esium and
Ros inha, P, Alves, ML, Dantas, R, & Guemardes, . A netnospe ciive study wirsh o phvinalm obo gical evalutation | To iwestigate thc 6 T had diabe B cretinonatiy. Low

(HOEE] Bsendathon Be s on Sonem Magneshum | and senwmn magn el wm kv Ldefenmin 280 n was conducted | e a8 ore Rl e s on rerecs B Bn oo als Faad higdhe r HRA L
and Gyozimibe Con ol Liged Peofil e and (D6ab et rlving 105 Type 1dabetic adults op BT INTo W0 grouns: | magne sum |eved, ghivosmic | (P - 04 and tigs (P-4 Magnesum kevels
Rethnopatiy in Trpe 1 Diabetes . Curcus, 1411 o mRgnees bum (<150 mgs’dL) ornosnalmagnesiom (L8] |oonwal lipid profle, and | had anegative connelathon with HBAL: (= 231,
cF 18 hapsy) doi orgf 10 7758 ounews F1178 20 mgfdiL). il 8 e Sn opaiiy P= 00| and B8 (r=_157 P=041].

Shahitah, O B Mags A A Hossan, T Zakasa, ML,
Be i, L A0 Bcersh oy, 5 dlbcialh oy ML
Eamel B Rahman, DA, Eamel, L, % Abds Rader,

S (D15 Staausat e sum magne sum | n §ryptian Ta Erwvestigate s cnam S m RN shum wias ofton defldent

hill cdrzan v Bype 1 dialhe tes and B aonredadhon e shumn §evcds bn type 1 Posl Bve oo mee ko n wish HIDL (P 00 .

o @iyon miks oo el and gl d oo file. Me dicine., Acase control Study woldng TL vpe 1 dabeticsged 1 dabesicchilldmn and how | Miegative oo 28 on with g, HiD AL, Trigs.
T AT] 5158 1By v i i tha s ool pes ey 3 manthe % redates to glyosamie ol estoanal, LD, and dise 250 duralon
sy doicng’ I0 1097/ D DDDDOODO0EEE | 3 angsid ¢ Bl dprofile 2nd senum magnes um bevels ool and Bpid profile P<ml).

Shahbakh 0, Mason, T Mosy 5 Sadany HOE,

Fasivy, B, A0 Gha Bashy, A Blsmad, B, Emam, To Mwestigats s cnum

A EBhewala B lberahiben, B Gebaly S Sayed, ragnie s §evneds bn type 1) Magnes bum repl etion wias assoc aaed wish
HLE., & Afemed, HL (D7) Ol magne sham diabecchildmn and how | Detter contnal and mo e posities Bpkd panc k.
s ol B e perowees @iyos ks oo nem i and % redates to glyocamie Semum tgs, LD, and chol estorad boves e d post
i o il B chll drean weith tyne 1dishictes and (A case contnal study walving TL type 1 diabesics aged 1 coninald and Bpid protile it P 000 vl e HIOL bniorcased
VRN e i, vl i mez, S, 2 E2SE IE yeaum e i giveen Tho mugh weor o ps eveny 3 montie amed It iR nton dhanges | (P < 1) HoAlc was sgnitican 2y kewe e d
s doil g 10 10ST WD DOO0MOOMONS 52 al cargrzicd ¢ il d profile and senum magnes um bevels cither P<imi)

van D, PR ‘Waanders, F Oy, |, de Boer, B,
v S, B, K oy, B (20N . o Sgn S ik

ni persors with type 1 dabictes: asendal ons with Ta wvestigatethe

cin kool paometers and cokdative B prces e Bne oo ot s Budy was oondu dhed withh 307 o 2 cnes i ot

shtoe sn. Therape wehc a0 vam oo bn e mdo ol nolo 2y rad onts with iype 1 diakhe e s wilsh 2 mean age of &5 iy TR s il 2 2

i mee e B, 10, Z0S0N0 1SRN MDA miagnesl am o ve ks, O0L, and cobdatie stress wiore | magne shum with giyosmikc

mtnn sy doil ong' 101177 NGO LIRS0 cxmined ooniwal and comp loations | Mo oonrelation (r-014, P= 28]

Supplementary Information

Non-diabetic metabolic syndrome patients with normal serum magnesium levels experienced an increase
(p=0.003) in serum Vitamin D as well as a decrease (p=0.0036) in HbAlc [49]. This finding was supported in
other studies which found magnesium supplementation decreased insulin resistance (p=0.049) and cholesterol
levels (p=0.006) compared to placebo [50-51].

Magnesium has a distinct effect on cells with extracellular magnesium being seen to inhibit (p < 0.05)
membrane fusion by modulating oxidative stress [52]. In magnesium deficient patients without hypertension,
supplementation led to improved (p<0.00005) B-cell function and better biological handling (p<0.005) of
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insulin sensitivity variations as measured by the Belfiore index [53]. Supplementation is linked to a decrease
in oxidative stress by preventing uptake of SO4- uptake (p<0.01 to p<<0.001) through competitive binding [54].
Through these cellular mechanisms, magnesium is shown to affect cellular metabolism and therefore affect

glycemic control.

Table 6. Vitamin D Studies outside T1D Data Extraction
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Risk of bias was assessed following the Risk of Bias assessment template developed by the Cochrane
Consumers & Communication Review Group [20]. This assessment was adapted from Table 8.5.c in
chapter 8 of the Cochrane Handbook [20]. This is a reflection of data quality outside of statistics and, in
particular to research directly applicable to T1D, reflects the quality of the diabetes supplement research
found for this review. Risk was often unclear and high risk was often associated with blinding,
randomization, and allocation concealment. Low risk was most often associated with outcome data and
reporting. Table 8 shows the risk of bias assessments.

Table 8. Risk of Bias Assessment

Blindingof
Random Allocation  Participants Blindingof Incomplete

Sequene Concealmen and Dutcome  Outcome  Selective

Generation t Personnel Assessment Data Reporting
Magnesium - Type 1 Diabetes information

Galli-Tsinopoulow, A, Maggang, L., Kyrgios L,

Mouzaki, K., Grammatikopoulou, M. G, Stylianou,

C., & Karavanaki, K. [2014). Assodaion between

magnesium concentration and HoAlcinchildren

and adolescents with type 1 disbetesmellitus.

Journal of diabetes, 6(4), 368-377.

hittp=,//doi.org,/10.1111/1753-0407. 12118 Unclear Risk  Low Risk High Risk Undear Risk Low Risk Lower Risk

In&cio, |, Azevedo, T., Balsa A. M, Ferreirg 5.,

Rosinhg P., Alves, M., Dartas, B, & Guimardes |

(2022). Assod aion Betw een Serum Magnesium

and Glycemic Control, Lipid Profile and Diabetic

Retinopathy inType 1 Diabetes Cureus, 141},

221128 https://doi.ong/10.7759 cureus 21128 High Risk Unclear Risk Undear Risk High Risk Lowe Risk Lowe Risk
Shahbah, D, EINazg A. A, Hassan, T., Zakaria, M.,

Beshir, M., Al Morshedy, 5., Abdalhady, M.,

Kamel, E, Rahman, O A, Kamel, L., & Abdelkader,

M. [2016). Status of serum magnesium in Egyptian

childrenwithtype 1 diagbetes and itscorrelation

to glycemic control and lipid profile. Medidne,

95{47), e5166.

hitp=,doi.org,10.1097 MD.0000000000005 166 High Risk Unclear Risk Undear Risk Undear Risk | Low Risk Lowe Risk

Shahbah, D, Hassan, T., Morsy, 5., Saadany, H. E,

Fahy, M., Al-Ghobashy, A., Elsamad, M., Emam,

A, Elhewsalg A, lbrahim, B, Gebaly, 5. E., Sayed,

H. E, & Ahmed, H. (2017). Oral magnesium

supplementation improves ghycemic control and

lipid profile in children with type 1 diabetes and

hypomagnesaemia Medicine, 96{11), 6352

http=//doi.org/10.1097/MD.0000000000:00635 2 High Risk Hizh Risk Undear Risk Undear Risk Low Risk Lowe Risk
van Dijk, P. R., Waanders, F, Qiy, ], deBoer, H.,

van Goor, H., & Bilo, H. [2020). Hypomag nesemia

in personsw ith ty pe ldiabetes assodations with

clinial parameters and oxida&ive

stress Therapeutic advances in endoainology

and metabolism, 11, 204201882 0980240.

http=s//doi.org/10.1177/ 204201882 0080240 Unclear Risk  Unclear Risk Undea Risk Undear Risk Low Risk Lowe Risk
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Magnesium - Supp lementary Informa tion

Afitska, K., Clawvel, 1., Kisters, K., Vormann, 1., &

Werner, T. (2021). Magnesium citrate

supplementation decreased blood pressure and

HbAlC in normomagnesemic subjeds with

metabolic syndrome: a 12-we ek, placeho-

controlled, double-blinde d pil ot trial. Magnesium

researdh, 34(3), 130-135

hitps://doi.org/10. 1684 mrh. 2001 0485 Low Risk Lovwe Riisk Low Risk High Risk  LowRisk Low Risk

Faleo, C M., Grupi, C., Sosa, E., Scanavacca, M,

Hachul, D, Lara, 5., Sadlotto, L., Pisani, C.F_,

Ramires, 1. A., & Darriewx, F. (2012). Successiul

improvement of frequency and symptoms of

premature comple xes after oral magnesium

administrat on. Arguives brasileires de

cardiologia, 58(6), 480—487.

hitps: doi.org,/ 10,1590/ sD06E-7E2 2012005000043 Low Risk Low Risk Low Risk Low Risk Low Risk Low Risk

Guerrero-Romero, F., & Rodrizuez-Moran, M

(2011). Masnesium improves the beta-cell

fundcion to compensate variation of insulin

sensitivity: double-blind, randomized dinical

trial. European journal of clinical invest gation,

41[4), 405410 hitps://doi org/10.1111/j.1365-

2362 201002422 x Low Risk Low Risk Low Risk Lowe Ri sk Low Risk Low Risk

Harm, 1L %, & Shon, Y. H. (2020). Matural

hMagnesium-Enriched Deep-5eaWater Improve s

Insulin Resistance and the Lipid Profile of

Prediabetic Adults: A Randomized, Doubl e-

Blinded Crossowver Trial. Nutrients, 12(2), 515

hitps:/fdoi.org/10. 3300 /nul 2020515 High Risk High Risk Low Risk Lowe Ri sk Low Risk Low Risk

Heidary, £, Khalili, H., Mohammadi, M.,

Beigmohammadi, M. T., & Abdollahi, A, [2020).

Effec of Magnesium Loading Dose on Insulin

Resistance in Patients With Stress-Induced

Hyperglycemia: A Randomized Clinical Trial.

Journal of intensive care medidmne, 35(7),

EET-603.

hitps:/ fdoi.org/10. 1177/ 08850666187 77431 Low Risk Low Risk Low Risk Undear Risk Low Risk Low Risk

Morabito, R., Remigante, A, & Marino, A. [2015).

Protedive Role of Magnesium against Oxidative

Stress on S04= Uptake throush Band 3 Protein in

Human Erythrooytes. Cellular physiolosy and

biochemistry :international jowrnal of

experimental cellular physi ology, biochemistry,

and pharmacology, 52(6), 12921308

https://doi.org,10.33554,/000000051 High Risk High Risk High Risk High Risk Low Risk Low Risk
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Rodricues A K., Melo, A. E, & Domingueti, C. P.

{20200, Assodation betw een reduced serum

levels of magnesium and the presence of poor

glycemic control and complicionsintype 1

dizbetes mellitus A systematic review and mets

analysis Disbetes & metabolic syndrome, 14(2),

157134

hittp=//doi.org/10.1016/] d=« 2020.01.015 Hizh Risk Unclear Risk HighRisk

Zocchi, M., Béchet, D., Maur, A., Maier, | A, &

Castiglioni, 5. (2021). Magnesium Influences

Membrane Fusion during My ogenesis by

Modulating Oxidative Stress inC2C12 Myoblasts

Mutrients, 13(4), 1049,

hitps//doi.org/10.3390/ nul 3041049 High Risk High Risk HighRisk

Glutamine - Type 1 Diabetes Informeation

Mauras, N, Xing, D., Fox, L. A., Englert, K., &

Darmaun, D. (2010). Effects of glutamine on

glycemiccontrol dunnzand after exercise in

adolescents with type 1 diabetes: a pil ot study.

Diabetes care, 33(9), 1951-1553.

hitps://doi.org/10 2337/ dc10-0275 Lowe Risk Lovwe Risk Low Risk

Torres-Santiago, L, Mauras, M., Hossain, 1,

Weltman, A. L., & Darmaun, D.(2017). Does oral

glutamine improve insulin sensitivityin

adolescents with type 1 diabetes?. Nutrition

[Burbank, Los Angeles County, Calif.), 34, 1-&.

hitps:/fdoi.org/10. 1016/ nut. 201 6.09.003 Low Risk Lovw Risk Low Risk

Glutamine - Supplementary Information

Cetinbas, F, Yelken, B, & Gulbas, 7 (2010). Role
of glutamine administration on cellular immunity
after total parenteral nutrition enriched with
glutamine in patients with systemic inflammacory
response syndrome. Journal of critical care, 25(4),
661.21-661 6616

High Risk  Low Risk Low Risk

High Risk  Low Risk Low Risk

Undear Risk Low Risk Lo Risk

Lo Risk Lovw Risk Lo Risk

https//doi.org/10.1016fj jorc 2000.05.011 Low Risk Low Risk Undear Rigk Undear Risk LowRisk  Low Risk

Crespao, L, Sar-Miguel, B, Prause, C., Marroni, M.,
Cuevas, M. )., Gonzalez-Gallego, J., & Tufion, M. J.
(2012). Gluamine treatment attenuates
endoplamic reticulum siress and apoptosEs in
TNEBESinduced colitis. P loS one, 7[11), e50407.

https//doi.org/10.137 Ifjournal. pone. 0050407 High Risk High Risk Undear Risk High Risk  LowRisk  Low Risk
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Di Sebastiano, K. M., Bell, K. E., Barnes, T,

Weeraratne, A., Premji, T., & Mourtzakis, M.

[2013). Glutamate supplementation is assodated

withimproved glucose me tabol ism following

carbohydrate ingestion inhealthy males. The

British journal of nutrition, 110(12), 21652172

hitps:/doi.org/10.101 7500071145 13001633 High Risk High Risk High Risk

Du, ¥. T, Pisdtelli, D., Ahmad, 5., Trahair, L. G.,

Greenfield, ). K., Samocha-Bonet, 0., Rayner, C.

K., Horowitz, M., & lones, K. L (2008). Effects of

Glutarmineg on Gastric Emptying of Low- and High-

Mutrignt Drinks i n Healthy Young Subjeds-Impact

onGlycaemia. Mutrients, 10{B), 735

hitps://doi.org /103350 nul 0060730 Low Risk High Risk High Risk

liang, Q., Chen, 1., Liw, 5., Liw, G, Yao, K., & Yin, Y.
[2017). -Glutamineg Attenuates Apoptosis |nduced
by Endoplasmic Re ticulum Stress by Activating the
IRELa-XBP1 Axis in IPEC-12 A Nove | Mechanism of
I-Glutamineg in Promoting Intestinal Health.
International journal of molecular sdemees,

18(12), 2617,
hitps:///doi.org/10.3350/ijms 18122617 High Risk High Risk  High Risk

Mansour, A, Mohajeri-Tehrani, M. R., Qorbani,

M., Ghamari, M, Larijani, B., & Hosseini, 5. [2020).

Postprandial glycemia and i nsulinsecretion

followi ng glutamine administration: A

randomized controlled trial . International jouwrnal

for vitamin and nutrition research. Internationale

Zeitschnft fur Vitamin- und Emahrungsforschung.

Journal internati onal de vitaminologie et de

nutrition, 90 5-&), 4254249

hitpes:/doi org 10, 1024/0800-583 1 3000463 Lowe Risk Loy Feisk Low Risk

Mondello, 5., Italiano, D., Giacobbe, M. 5.,

Mondello, P., Trimarchi, G., Aloisi, C., Bramanii,

P., &5Spina, E [2010). Glutamine-supplemented

total parenteral nutrition improves

immunological status in anoredic patients.

Mutrition [Burbank, Los Ange les County, Calif.),

26{E), 677681,

hitps://doi org 101016 ) nut. 20049 10,008 Lo Risk Lovwe Frisk Low Risk

Schousboe, A, Scafidi, 5, Bak, L K.,
Waagepetersen, H. 5., & Mdenna, M. C[2014).
Glutamate metabol ism in the brain focusing on
astrocytes. Advances inneurobiology, 11, 13-30.

High Risk  LowRisk

High Risk  LowRisk

High Risk  LowRisk

Lo Riisk Lovw Risk

Undear Risk Low Risk

hitps://doi.org /101007978 3-315-088594-5 2 Unclear Risk  Unclear Risk Undear Risk Undear Risk Low Risk
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Low Risk

Low Risk

Low Risk
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Walls, A. B, Waagepetersen, H 5., Bak, L K.,

Schousboe, A, & Sonnewald, U. (2015). The

glutamine-glutamate /GABA cycle: function,

regional differences inglutamate and GABA

production and effects of interference with GABA

mietabolism. Neurodwe mical research, 40(2),

402-408. https:,fdoi.org/10. 1007 /s 11064-014- 1473

1 Unclear Risk  Unclear Risk Undear Risk Undear Risk Low Risk Low Risk

Vitamin D - Type 1 Diabetes Information

Al Sawah, 5., Compher, C. W, Hanlon, 4. L, &

Lipman, T. H. (2016). 25-Hydroxywitamin D and

glycemic control; A ooss-sectional study of

children and adoleents with ty pe 1 diabetes.

Diabetes research and clinical practice, 115, 52-549.

hitps,//doi.orgf10.1016/j. diabres.2016.03.002 Unclear Risk  High Risk Undear Ri%k Undea Risk LowRisk  Low Risk

Aljabori, K. 5., Bokhari, 5. A, & Khan, M. 1. {2010).

Ghycemic changes after vitamin D

supplementaion in patients withtype 1 digbetes

mellitus and vitamin D deficiency. Annals of Saudi

medicine, 30(6), 454458

http=//doi.org,10.4103/0256-4047 72265 High Risk Hizgh Risk High Risk Hish Risk  LowRisk Low Risk

Bosdanou, D., Penna-Martinez, M., Filmann, N.,
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4 | DISCUSSION

Despite mixed research findings, the reviewed
supplement all show potential value in TID
patients. Data outside of the target population will
be analyzed to better inform what is known.
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Glutamine Supplementation

Only two relevant glutamine supplementation
studies directly concerning T1D were found for
use in this systemized review. Both studies had
relatively small sample sizes but had statistically
sound analysis [21-22]. The lack of connection
to insulin sensitivity implies the mechanism is
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potentially linked to something such as B-cell activity
[22]. The fact the two studies utilizes adolescent
diabetics is important to note especially in the context
of findings from research on glutamine outside of
T1D because young T1D patients may have residual
B-cells [21-22].

Studies on non-diabetic patients supported glutamine
supplementation has a distinct effect on glucose
metabolism and supports the findings in the previous
studies involving T1D patients [23, 25]. While
glutamine does not appear to affect insulin sensitivity
or secretion, glutamine may aid in maintaining
residual B-cell integrity rather than enhancing cellular
capabilities [22, 24]. Of note is how glutamine affects
cellular dynamics through its modulation of ER
membrane stress since apoptotic mechanism has been
implicated as a key factor in T1D onset [2-3, 31].
While the research into how glutamine may affect
T1D patients is not available, research outside of the
scope of T1D alone seems to suggest the mechanism
behind its value is linked to the preservation of B-cell
function [2-3, 31]. Since the patients in the two T1D
glutamine studied mentioned are adolescents, the
change in glycemic trends may be linked to residual
B-cells improving function—outputting insulin—and
leading to hypoglycemia due to the combination of
exogenous and endogenous insulin now being in
excess [2-3,21-22,31]. While this is speculation, it is
a valuable potential research hypothesis to potentially
pursue.

Vitamin D Supplementation

The research on Vitamin D supplementation is mixed
in terms of results and quality. Since the mechanism
behind how Vitamin D supplements may affect T1D
is not established, little can be gleaned from the
research on why the findings are so mixed. However,
since Vitamin D deficiency is seen to be common in
T1D patients, supplementation may still be of value
even if it may not have a direct effect on glycemic
control [32-37].

Based on research outside of T1D, more insight can
be gained on why the findings for T1D are so foggy.
While Vitamin D supplementation does not seem to
directly affect glycemic control in many instances,
Vitamin D seems to have a distinct effect on insulin
resistance and, potentially, oxidative stress [40-43].

By improving insulin sensitivity, B-cells may
experience less stress leading to improved insulin
dynamics for those with functional B-cells—such
as LADA patients [39, 41,43]. Improving insulin
resistance may also generally help T1D patients
even without residual B-cells due to it decreasing
the required exogenous insulin [41]. However,
since insulin resistance and residual B-cells are
not a universal experience for those with T1D,
results of Vitamin D supplementation are
understandably mixed.

The findings from this review agree with
published advice given by the American Diabetes
Association (ADA). The ADA notes the benefits
of additional Vitamin D supplementation are not
clear, but supplementation may reduce risk for
developing T1D in childhood [55].

Magnesium Supplementation

Information on T1D and magnesium supplemen-
ation have a strong lean towards promoting
supplementation and especially repletion of
magnesium deficiency [45-48]. A prior meta-
analysis of available research supported a link
between low magnesium levels and poor
glycemic control [56]. Research outside the con-
fines of T1D alone reveals magnesium supplem-
entation may have a link to glycemic control due
to its effect on insulin resistance and [-cell
function [50-51, 53-54].

While the ADA does not have noted
recommendations regarding magnesium, the
National Center for Complementary and
Integrative Health (NIH) provides recommenda-
tions that agree with this review’s findings. The
NIH notes deficiency in magnesium can raise
the chances of developing diabetes and that
supplementation can aid those who have the
condition [57]. However, the NIH does not
specify if this specifically affects T1D and
mentions that the studies for this information are
lacking in power [57].

Quality and Risk Assessment
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Research for T1D and each supplement reviewed is
mixed in quality and risk. Unclear risk was common,
especially regarding randomization, allocation
concealment, and blinding. This indicates data may
suffer from the placebo effect or unintended effects
on habits affecting glycemic control—such as
potentially changing insulin doses, food, or other
such things. Much of the investigated research did
not deeply address the mechanisms behind the
observations. This is likely due to the sparseness in
pool of available sources concerning T1D and these
specific supplements.

Strengths and Limitations

One of the clearest things in this review is the lack of
robust research pertaining to how supplementation of
any of the reviewed supplements affects people with
T1D. There was a sparse amount of data concerning
T1D and the specific subgroups of supplements
focused on in this review. The reviewed studies
tended to have small sample sizes and low power. A
lack of blinding or randomization was also common.
While the related research that does not directly
concern T1D tended to be of good quality, there is
only so much data outside of the interest group can
do to inform the conversation of how the reviewed
supplements affect T1D patients. The research
outside of T1D allows for greater insight into what
the limited research for T1D supplementation may
mean but research that does not directly involve
patients with TI1D  cannot inform any
recommendation until research is done to confirm or
deny assumptions.

Application for Practitioner

The application of all the supplements, in a clinical
setting, is a bit clouded by both mixed data and
lacking data. Most value can be gleaned from how
each supplement may help preserve B-cell integrity
in those with residual cells or those who are newly
diagnosed. While there is limited research on how
supplementation of all three reviewed supplements
may affect B-cells in T1D, the research outside of the
T1D interest group analyzed suggest each

supplement may have significant clinical value to
pursue preservation of cells via supplementary
nutrition. For those with residual cells or are newly
diagnosed, supplementation of magnesium, vitamin
D, and glutamine may be of value [2-3,21-22,31,39,
41,43,50-51,53]. In general,remedying nutritional
deficiencies is advisable even if the effect is not
directly on glycemic control.

2 | CONCLUSION

Glutamine for T1D research is still relatively new
and would serve better with more data prior to any
form of general recommendation for it [21-22].
Glutamine supplementation in T1D would benefit
from more research purely based on the scarceness
of what is available in comparison to the other
reviewed supplements. Glutamine may have value
in those with residual B-cells [2-3, 31]. While
Vitamin D has the most robust selection of data
directly relevant to T1D in this review, the mixed
results of the vitamin’s effects prevent the
development of a definitive conclusion on its
effectiveness [32-37]. Magnesium has a strong lean
towards value as a supplement for TID and
deficiency in it should be considered paramount to
remedy [45-48].

Research that investigates how these supplements
affect the P-cells of those with T1D would be
valuable and would better inform of their
effectiveness. The focus on preservation of B-cells
in any T1D patient with residual B-cells is of
particular value and, as all the reviewed supplements
show some influence on B-cell health, each should
be reviewed for its  cellular  effects
[2-3,21-22,31,39,41,43,50-51,53].
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