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Purpose: The primary aim is to identify the micronutrient deficiencies commonly reported in SSc. The exploratory aim is to evaluate
associations between micronutrient deficiencies and SSc clinical manifestations.

Patient and Methods: We conducted a scoping review of all published reports on SSc and nutrition in PubMed from its inception to
August 2020. Clinical trials, observational studies, meta-analyses, and case series (with >20 cases) containing data on nutritional
deficiency and SSc were included. We followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
for reporting our findings. Two reviewers (ADN and ERV) studied the titles and abstracts of all search results with pre-specified
inclusion and exclusion criteria.

Results: Among 790 retrieved publications, 35 full-length articles and 3 abstracts met the inclusion/exclusion criteria. Included
studies took place across multiple geographic locations and included patients with both diffuse and limited cutaneous SSc.
Vitamin D deficiency was the most commonly reported deficiency described in SSc, followed by vitamin B12, vitamin B9,
selenium, zinc, and iron. In addition, some small studies found deficiencies in vitamins B1, B6, C, E, and A. While some studies
reported associations between specific micronutrient deficiencies and SSc disease features (eg, interstitial lung disease was
commonly associated with vitamin D deficiency and elevated homocysteine [Hcy]), the evidence to support these associations
was not robust.

Conclusion: Micronutrient deficiencies are common in SSc and are associated with specific SSc features. Routine screening for
micronutrient deficiencies may lead to early detection of malnutrition. Future studies are needed to understand how interventions to
replete micronutrient deficiencies affect patient outcomes in SSc.
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Plain Language Summary

Deficiencies in micronutrients, which generally include vitamins and minerals, are a hallmark of malnutrition in systemic sclerosis (SSc).
Previous studies have shown that nutritional decline occurs in SSc and is associated with disease morbidity, including decreased quality of life.
To our knowledge, no studies have systematically explored the literature to determine the most common micronutrient deficiencies in SSc. The
primary aim of this scoping review is to therefore identify the micronutrient deficiencies present in patients with SSc. The exploratory aim is to
evaluate associations between micronutrient deficiencies and SSc clinical features. Thirty-eight articles met eligibility criteria for full-text
review. This review found that micronutrient deficiencies occur commonly in patients with SSc. Vitamin D deficiency was the most reported
deficiency described, followed by vitamin B12, B9, selenium, zinc, and iron. In addition, micronutrient deficiencies can exist across different
SSc subgroups (eg, limited versus diffuse cutaneous disease) and in patients with both early- and late-stage disease. Routine screening for
micronutrient deficiencies may lead to early detection of malnutrition. Future studies are needed to explore the relationship between nutritional
status and SSc features, as well as how interventions to replete micronutrient deficiencies can affect patient outcomes in SSc.

Introduction
Systemic sclerosis (SSc) is a rare and incurable autoimmune disease with the highest cause-specific mortality of all
connective tissue diseases.'> After the skin, the gastrointestinal tract (GIT) is the most commonly affected internal organ
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in SSc¢* and a leading cause of morbidity and mortality.*> The spectrum of GIT involvement varies in SSc, with some
patients reporting no significant symptoms and others presenting with disabling and life-altering symptoms.>® Over 90%
of the patients will report some GIT symptoms during the SSc disease course, and while the precise etiology of SSc-GIT
involvement is not fully understood, dysmotility is the predominant clinical feature.” Deemed to result from a complex
interplay between perturbations in the GIT vasculature, autonomic nervous system and immune system, GIT dysfunction
in SSc may also be associated with changes in the gut microbiota.”

Among the various SSc-GIT manifestations, malnutrition is a serious complication that can affect all aspects of
a patient’s health, from impaired wound healing to inability to maintain life-sustaining weight. Studies suggest that the
prevalence of malnutrition in SSc ranges from 10% to 21% and is more likely to be associated with disease activity than
nutritional consumption.” Up to 18% of the SSc patients may be at risk for malnutrition, and contributing factors to
malnutrition in SSc are poorly understood.'®!" Moreover, among SSc patients with diffuse cutaneous disease and severe
GIT involvement, including malabsorption syndromes and problems requiring hyperalimentation, only 15% survive
beyond 9 years after disease onset.'? In addition, numerous studies have demonstrated that GIT symptoms contribute to
decreased quality of life in patients with SS¢.>'*!°

Micronutrient deficiencies are a hallmark of malnutrition and can adversely affect immune function and homeostasis
in SSc.'® Micronutrients generally include vitamins and minerals,'” in contrast to macronutrients, which are defined as
carbohydrates, fats, and proteins.'® Henceforth, we will refer to micronutrients in reference to vitamins and minerals only.
In SSc, the severity and extent of micronutrient deficiencies remain unclear. It is unknown whether these deficiencies
arise from decreased oral intake, depression, underlying SSc-related gastrointestinal disease, medications, and/or other
factors. To our knowledge, no studies have systematically probed the literature to identify the types of SSc patients at
greater risk of malnutrition and the most common deficiencies in SSc along with their associated clinical manifestations.
For example, it is unclear whether SSc patients with interstitial lung disease (ILD), have specific micronutrient
deficiencies compared to patients without ILD.

To that end, the primary aim of this scoping literature review is to identify micronutrient deficiencies in SSc. The
exploratory aim is to evaluate associations between micronutrient deficiencies and SSc clinical features, including SSc subtype,
severity, and clinical manifestations (eg, ILD, pulmonary hypertension [PH], etc). Understanding micronutrient deficiencies in
patients with SSc may help guide clinicians about appropriate nutritional screening and management of SSc patients.

Materials and Methods
We conducted a scoping review following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines for scoping reviews (Supplementary Table S1).'” We chose to conduct a scoping review with the

intention of identifying all available literature to better inform patients and providers of relevant nutritional considera-
tions in patients with SSc.

Study Eligibility

Study inclusion and exclusion criteria were formulated using the PICOS framework (population, intervention, compar-
isons, outcomes, and study settings and designs) (Table 1).*° The following inclusion criteria was used: published
original articles (including meta-analyses) that discussed SSc and nutrition, vitamins and/or diet. Our exclusion criteria
consisted of review articles (except for meta-analyses), letters, editorials, case reports or studies with <20 patients,
opinion articles, and abstracts lacking a published full article.

Data Sources

Studies were selected for initial review via searching of the electronic databases PubMed/MEDLINE for articles
published prior to August 2020. Studies were also selected for initial review by reviewing the references of retrieved
articles. A comprehensive search strategy involving search terms derived from PICOS concepts was used. Keyword
search terms included “scleroderma” OR “systemic sclerosis” AND “diet”; “vitamins” OR “vitamin deficiency”;
“nutrients” OR “nutrition” OR “nutrient deficiency”. No PubMed filters or limits were applied to maintain a broad
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Table 1 PICOS Structure for Study Inclusion and Exclusion

PICOS Component

Inclusion Criteria

Exclusion Criteria

Population

Adults (aged 218 yrs) with SSc in any country and language

Children or adolescents (<18 yrs)

Intervention/Exposure

Participants with a micronutrient deficiency

Participants without micronutrient deficiency

Comparisons

Healthy participants without SSc, or SSc patients without

nutrient deficiencies

Outcomes

Average or median level of nutrient in patients with nutrient

deficiency; associated clinical manifestations

Study design

Published observational studies (case—control, prospective
cohort, retrospective cohort, longitudinal); clinical trials;

case series (>20 cases); meta-analyses

Letters, opinion articles, editorials, case reports or studies

with <20 patients, review articles (except meta-analyses),

published abstracts only

Note: Table adapted from PICOS framework discussed in Liberati et al?®

search strategy. To broaden the scope, we also conducted a manual search through references listed in relevant studies or
review articles on nutrition and SSc to identify additional relevant articles for further consideration based on title.

Data Abstraction and Synthesis

The following information was collected from included studies: study characteristics (authors, year of publication, study
design and location, sample size); type of nutrients investigated; SSc subtype (limited and/or diffuse); mean or median
nutrient levels and proportion of study population that was nutrient deficient among study groups (eg, patients, healthy
controls); and major clinical manifestations grouped by general organ system (eg, skin, cardiovascular, pulmonary,
gastrointestinal, musculoskeletal, miscellaneous). Data were synthesized according to the type of nutrient deficiencies
reported, the number of included studies that found a nutrient deficiency in their SSc cohort, and the clinical correlates
and SSc-related manifestations frequently associated with particular nutrient deficiencies. Deficiencies in the following
nutrients and their associated manifestations were evaluated from the selected studies: vitamins D, B12, C, E, B6, Bl,
and B9; homocysteine (Hcy); and minerals including iron, zinc (Zn), copper (Cu), and selenium (Se).

Results

Search Results
Search of electronic databases yielded 782 articles published between 1946 and 2020 for review of titles and abstracts
(Figure 1). Eight additional articles were identified from other sources, including references of included studies or
suggested articles by PubMed. Sixty articles met the inclusion criteria based on title and abstract review. These eligible
articles were reviewed by two reviewers (ERV and ADN) for relevance based on title and abstract. The search culminated
in 38 total articles meeting eligibility for full-text review, among which 35 had a full-text that could be accessed by the
study authors. Three had published a full-text; however, the full-text could not be accessed by the authors, and thus, only
the abstracts were reviewed for these three studies.

The 38 reviewed studies took place across multiple geographic locations and consisted of case—control, retrospective
cohort, and prospective cohort study designs. The total number of included patients in the reviewed studies combined
was 3732, with both diffuse and limited SSc subtypes represented.

Vitamin D

Vitamin D is a fat-soluble vitamin absorbed in the small intestine from dietary consumption and produced in the skin
upon absorption of ultraviolet B radiation. In homeostasis, vitamin D functions to promote gastrointestinal absorption of
calcium and phosphorus and renal absorption of calcium. Studies have demonstrated deficiencies in vitamin D in patients
with various autoimmune diseases.?'** There is evidence that vitamin D plays a key role in bone mineralization and

immune function.?
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Identified studies (n=790)
Studies identified from PubMed: 782
Additional studies from other sources: 8
Duplicates: 188

Articles excluded after
screening title and abstract
for relevance
l (n=730)

Articles meeting
criteria for clinical
relevance
(n=60)

Articles excluded (n=22)
<20 patients: 4
Beyond scope: 13
Review: 1
Case report: 1
Abstracts: 3

v

Full-text articles Unable to access full-text
reviewed article, abstract reviewed only
(n=35) (n=3)

Studies included in
qualitative synthesis and
scoping review
(n=38)

Figure | Article selection for scoping review.

For SSc, the majority of reviewed studies investigated associations between vitamin D and SSc (23 studies included
for full-text analysis) (Table 2). Most studies defined normal vitamin D levels as >30 ng/mL, insufficiency as 10-30 ng/
mL, and deficiency as <10 ng/mL. Vitamin D levels were consistently reported below the normal range in SSc patients,
with a higher proportion of vitamin D insufficiency or deficiency within the SSc cohorts.”** A number of studies also
found significantly lower vitamin D levels compared with healthy controls.>**® One of these studies reported hypovi-
taminosis in both SSc patients (n=64) and controls (n=35), but found that the healthy subjects still had significantly
higher vitamin D levels compared with SSc patients.*

Among studies that reported serum vitamin D levels, the mean level among patients ranged from 9.8 + 4.1 ng/mL to
27.4 + 16.2 ng/mL**27>133-37 (Table 2). The median vitamin D level ranged from 13.1 ng/mL to 43.7 ng/mL >*33-38:42:43
Among studies reporting the prevalence of vitamin D deficiency, the actual prevalence varied widely with a median
prevalence of 24.55%. 2% 2%:3031.33.35-39.42.43.4547 However, it is important to note that some of these studies used
different thresholds and definitions of vitamin D deficiency. In general, the threshold for vitamin D deficiency was
<30 ng/mL, whereas the threshold for insufficiency was between 20 and 30 ng/mL.

Select studies evaluated the potential impact of geographic location and season on vitamin D levels. For example, two
studies found no regional/latitude difference in vitamin D levels between cohorts from different countries: Italy and
Belgium,?* and France and Italy.’® In fact, Vacca et al*” investigated vitamin D levels in two independent cohorts (French
and Italian) and found comparably high proportions of vitamin insufficiency (>80%) in SSc patients from both regions.
In contrast, one study comparing vitamin D levels in SSc patients between two regions in Spain found that SSc patients
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Table 2 Characteristics of Included Studies Investigating Nutrient Levels Between SSc Patients and Healthy Controls, or Between SSc Patient Sub-Groups

Nutrients Authors Location Study Type Sample Size Average Nutrient Level in SSc Patients (Mean £ | Average Nutrient Level in % SSc Patients with Deficiency'
(Cases, Standard Deviation, Unless Indicated Controls (Mean * Standard
Controls) Otherwise) Deviation, Unless Indicated
Otherwise)
Vitamin D An et al China, Brazil, | Meta-analysis 554, 321 —8.72 (95% CI —10.11, —7.32) (reported as mean Not reported Not reported
(2017)>* Italy, Israel difference in vitamin D levels between patients and
controls)
Vitamin D Zhang et al China Case—control 60, 60 26.51 + 6.27 ng/mL® 36.29 + 14.24 ng/mL 16.7% deficient (<20 ng/mL)
(2017)>* 75.0% insufficient (<30 ng/mL)
Vitamin D Groseanu Romania Prospective 51,0 17.06 + 9.13 ng/dL N/A 90.2% total with low vitamin D status
etal cohort 23.52% deficient (<10 ng/mL)
(2016)>%* 66.66% insufficient (10-30 ng/mL)
Vitamin D Arnson etal | Israel Retrospective 327, 141 13.5 £ 9.0 ng/mL® 21.6 + 9.7 ng/mL Not reported
(2011)>4 cohort
Vitamin D Ahmadi Iran Case—control 60, 30 1501 + 471 ng/mL® 27.23 + 8.66 ng/mL Not reported
etal
(2017)*
Vitamin D Gupta et al India Case—control 38, 38 19.5 % 77.8 ng/mL (median * IQR)® 100 + 31.3 (median + IQR) 34.2% deficient (<10 ng/mL)
(2018)* 26.3% insufficient (10-30 ng/mL)
Vitamin D Park et al South Korea Case—control 40, 80 43.7 ng/mL (median)® 57.5 ng/mL (median) 30% deficient (<30 ng/mL)
(2017)®
Vitamin D Atteritano Italy Case—control 40, 40 25.77 + 12.84 ng/mL® 35.08 + 9.07 ng/mL 0% deficient (<10 ng/mL)
etal 50% insufficient (10-30 ng/mL)
(2016)>*
Vitamin D Yacoub et al | Morocco Case—control 60, 60 10.88 + 2.68 ng/mL® 5741 + 4.18 ng/mL 73.33% deficient (<10 ng/mL)
(2012)* 26.66% insufficient (10-30 ng/mL)
Vitamin D Corrado Italy Case—control 64, 35 15.68+ 10.18 ng/mL® 22.93 £ 9.12 ng/mL All cases and controls had levels <30 ng/mL (but
etal unspecified beyond that)
(2015)*%
Vitamin D Trombetta Italy, Belgium | Retrospective 154, 0 Total cohort: 18.7 + 9 ng/mL N/A 56.5% deficient (<20 ng/mL)
etal cohort Italy only: 18 £+ 10 ng/mL 80.5% insufficient (<30 ng/mL)
17 Belgium only: 19 * 9 ng/mL
2017)* 9+ 9 ng/

(Continued)

aro(q

[e 32 uakn3N


https://www.dovepress.com
https://www.dovepress.com

aa0(q

14K

:sdyyy

$1:7707 SMIIADY pue youeasay :ASojorewnayy sse2oy usdo

Table 2 (Continued).

Nutrients Authors Location Study Type Sample Size Average Nutrient Level in SSc Patients (Mean £ | Average Nutrient Level in % SSc Patients with Deficiency'
(Cases, Standard Deviation, Unless Indicated Controls (Mean % Standard
Controls) Otherwise) Deviation, Unless Indicated
Otherwise)
Vitamin D Sampaio- Brazil Prospective 38,0 20.66 + 8.20 ng/mL N/A 11% deficient (<10 ng/mL)
Barros et al cohort 50% (<20 ng/mL)
(2016)* 87% insufficient (<30 ng/mL)
Vitamin D Caramaschi Italy Prospective 65,0 15.8+9.1 ng/mL N/A 29% deficient (<10 ng/mL)
etal cohort 66% insufficient (10-30 ng/mL)
(2010)**
Vitamin D Rios- Spain Case—control 100, 100 Total cohort: 24.6 + 14.6 ng/dL Not reported 76.7% low levels (<30 ng/mL; deficient defined as
Fernandez (multicenter North of Spain only: 20.7 £ || ng/dL® 10-29)
etal study) South of Spain only: 27.4 + 16.2 ng/dL 11.1% insufficient (<10ng/mL)
(2012)% (vitamin D levels were able to be obtained from 90
patients)
Vitamin D Braun- Israel Retrospective 60, 0 13.8 £ 7.2 ng/mL N/A 46% deficient (<12 ng/mL)
Moscovici cohort
etal
(2008)*®
Vitamin D Vacca et al France, ltaly Prospective 156,0 19 £ 11 ng/mL N/A Total cohort:
(2009)*° cohort Northern 28% deficient (<10 ng/mL)
France: 90 84% insufficient (<30 ng/mL)
Southern Italy: 66 Between 2 compared cohorts:
Northern France: 32% deficient, 82% insufficient
Southern ltaly: 23% deficient, 86% insufficient
Vitamin D Giuggioli Italy Prospective 140, 0 Not supplemented (Group A): 9.8 + 4.1 ng/mL® N/A Group A:
etal cohort 91 not vit Supplemented (Group B): 26 + 8.1 ng/mL 44% severely deficient (<10 ng/mL)
(2017)*' D supplemented 96.7% deficient (<20 ng/mL)
49 vit 3.3% insufficient (2029 ng/mL)
D supplemented Group B:
0% severely deficient (<10 ng/mL)
24.5% deficient (<20 ng/mL)
44.9% insufficient (20-29 ng/mL)
Vitamin D Paolino etal | Italy Retrospective 36,0 Malnourished [fat free mass index (FFMI) <15 kg/m®in | N/A Not reported
(2020)*? cohort women, <17 kg/m? in men]: 18.3 (4.6—41.3) ng/mL
(median and IQR)®
Non-malnourished: 29.7 (9.3-37.2) ng/mL (median and
IQR)
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Vitamin D Caimmi Italy Retrospective 65,0 Baseline: 32.6 (18.1) ng/mL N/A Baseline:
etal longitudinal After 5 years: 34.9 (15.6) ng/mL 24.6% deficient (<20 ng/mL)
(2019)* cohort 26.2% insufficient (<30 ng/mL)
60.0% on vit D supplementation
After 5 years:
16.9% deficient (<20 ng/mL)
24.6% insufficient (<30 ng/mL)
69.2% on vit D supplementation
Vitamin D Hax et al Brazil Case—control 50, 35 23.9 £ 85 ng/mlL® 30.2 + 6.2 ng/mL Not reported in abstract
(2019), ¢ %
Vitamin D Gambichler Germany Prospective 137, 0 13.1 ng/mL (range 4.1-47.8 ng/mL) (median, out of 133 | N/A 35.8% deficient (<10 ng/mL)
etal cohort (letter of cases) 54% insufficient (210 and <30 ng/mL)
(201 1)* correspondence)
Vitamin D Seriolo et al | Italy Case—control 53,35 Winter: 19.3 + 12.3 ng/mL® Winter: 32.1 + 14.] ng/mL Winter:
(2011)* Summer: 21.7 + 13.4 ng/mL® Summer: 39.4 £ 15.4 ng/mL 9% deficient (<10 ng/mL)
Autumn: 21.4 £ 10.6 ng/mL® Autumn: 36.6 = 9.8 ng/mL 60% insufficient (10-30 ng/mL)
Spring: 20.5 % 11.8 ng/mL® Spring: 35.5+ 10.1 ng/mL Summer:
24% deficient
64% insufficient
Prevalence not reported for autumn and spring
Vitamin D Calzolari Italy Case—control 60, 60 23 ng/mL (range 3-92)® (median) 39 ng/mL (14-138) (median) 6.7% severe deficit (<10 ng/mL)
etal 28% insufficient (210 and <20 ng/mL)
(2009)® 28% mild hypovitaminosis (220 and <30 ng/mL)
63% had hypovitaminosis overall (<30 ng/mL)
Vitamin B12, Tas Kilic Turkey Retrospective 62,0 323.6 + 291.5 pg/mL vit B2 N/A 71.0% B12 deficient (<200 pg/mL or being on Vit
Hcy etal cohort 14.1 £ 6.5 pmol/L Hcy (among patients with Vit B12 BI2 replacement therapy); 59.1% of those patients
(2018)*2 <200 pg/mL) (26/44) was receiving B12 replacement therapy
Of the Bl2-deficient group:
72.7% (16/22) elevated homocysteine (>9 pmol/L)
33.3% (7/21) hyperhomocysteinemia (>|5 pmol/L)
Hcy; Vitamin Caramaschi Italy Case—control 71, 30 L1 (10.1-12.1) pmol/L® Hcy 6.9 (6.17.8) pmol/L Hcy Group A (w/out lung involvement): 22.2%
B9, B12, and etal 1.1 (9.4-13) nmol/l Vit B9 (normal: 6.7-38.5 nmol/L) Group B (mild to moderate): 50%
Bé6 (2003)=*¢ Normal vitB12 in all patients (normal: 162-708 pmol/L) Group C (severe and endstage): 72.2%
Hcy Zhang et al N/A Meta-analysis 322, 160 (6 Analysis of 6 studies (excluded 2 outlier studies) found Not reported Not reported
(2018)° studies analysis) serum levels Hcy were greater in SSc than healthy controls
475, 265 (8 (pooled SMD = 1.182umol/L, 95% CI = 0.230-2.134)°

studies analysis)
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Table 2 (Continued).

Nutrients Authors Location Study Type Sample Size Average Nutrient Level in SSc Patients (Mean £ Average Nutrient Level in % SSc Patients with Deficiency‘
(Cases, Standard Deviation, Unless Indicated Controls (Mean % Standard
Controls) Otherwise) Deviation, Unless Indicated
Otherwise)
Hcy; Vitamin Nazarinia Iran Prospective 44, 44 19.43 + 7.205 umol/L Hcy® 22.78 + 6.018 pmol/L Hey Not reported
Bl2 and B9 etal case—control 197.90 + 60.68 pg/mL vit BI2° 250.88 + 108.86 pg/mL vit B12 Definitions: normal was defined as serum Hcy
(2013)°"- © 3.79 £ 1.04 ng/mL Vit B9® 440 + 1.64 ng/mL Vit B9 <15pmol/L, Vit B9 >1.5 ng/mL, and vit BI2 >160 pg/
mL
Hcy Motegi et al | Japan Case—control 151, 20 Total cohort: 9 + 0.3 umol/L 8.2 £ 0.6 pumol/L 9.30%
(2014)* ©
Hcy Szamosi Hungary Case—control 152, 58 9.3 umol/l 10.1 pmol/l Not reported
etal
(2009)* ©
Hcy Caramaschi Italy Prospective 103, 0 11.8 (11.3-12.3) pmol/l N/A Not reported
etal cohort
(2007)%
Hcy; Vitamin Nazarinia Iran Case—control 59, 59 13.9£6.3 pmol/L Hcy 13.7£9.2 pymol/L Hey Not reported in abstract
B12 and B9 etal
(2019)% ¢
Hcy; Vitamin Marasini Italy Case—control 30, 29 Specific levels not reported in abstract Not reported in abstract Not reported in abstract
B12 and B9 etal
(2000)>* <%
Vitamin C, E, Lundberg Sweden Case—control 30, 30 31420 pmol/L Vit ct 55421 pmol/L Vit C Not reported
A, B9, Bl2;Se, | etal 2627 pmol/L alpha-tocopherol® 3048 pmol/L alpha-tocopherol
Mg, Zn, Cu, (1992)”" 0.9+0.4 pmol/L carotene® 1.9+0.8 pmol/L carotene
Ca, P 0.86+0.24 pmol/L Se® 1.21£0.25 pmol/L Se
284+129 pmol/L Vit Bl2e 272+124 pmol/L Vit Bl2e
2.320.1 mmol/L Ca 2.3+0.1 mmol/L Ca
287+158 nmol/L blood Vit B9 P, Mg, Zn, Cu, Vit B9 levels not
reported in controls
Vitamin C, BI, Dupont France Retrospective 82,0 2.4 mg/dL vit C in the 31% vit C-deficient patients N/A 31% Vit C (<4 mg/L)
B12; Se etal cohort (median) 35% Se (<70 pug/L)
(2018)*7 12.9 mg/dL vit C in non-vit C-deficient patients 6% Vit Bl (£71 nmol/L)
(median) 62% Vit B6 (<30 nmol/L)
61 ug/L Se in the 35% Se-deficient patients (median) 48% Zn (<10.78 umol/L)
82 ug/L Se in non-Se-deficient patients) (median) 23% Vit B9 (<5.38 ng/mL)
No other nutrient levels reported (as no other
significant associations were found for remaining
micronutrients and SSc phenotype)
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Se, Fe, Zn, Cu Tikly et al South Africa Case—control Not reported Median values (n) Median values (n) Not reported
(2006)7® Se: 82.84 (15) pg/dL® Se: 91.4 (15) pg/dL
Cu: 148.4 (30) pg/dL Cu: 162.5 (20) pg/dL
Fe: 22.7 (13) pg/dL Fe: 20.48 (I5) pg/dL
Zn: 134.1 (30) pg/dL Zn: 130.4 (20) pg/dL
MDA: 20.3 (15) nmol/L® MDA: 2.48 (13) nmol/L
Se, Zn; Laubli et al Switzerland Prospective 250, 0 Median values N/A Deficiency (<laboratory normal range of each
Vitamin B12, (2020)* cohort (176 established Established SSc: macro/micronutrient)
B9 SSc, 74 very Zn: 10.8 pmol/L Of the established SSc group:
early SSc) Se: 1.03 umol/L 17.9% Vit B9
Vit B9: 6.8 pg/dL 15.6% Se
Vit B12: 62 pmol/L 15.0% Zn
Very early SSc: 13.2% Vit B12
Zn: 10.8 umol/L Of the very early SSc group:
Se: 1.07 umol/L 4.3% Vit B9
Vit B9: 9.1 pg/dL 9.1% Se
Vit B12: 79 pmol/L 10.9% Zn
2.2% Vit B12
Se, Cu, Zn Sun et al Germany Case—control 66, 30 Not reported Not reported Se deficient via serum Se measurement (normal:
(2020)77 53.03-108.96 mg/L and 66.71—119.4 mg/L for
plasma and whole blood concentration,
respectively):
SSc-PH: 16.0%°
SSc: 14.6%
Se deficient via serum SELENOP:
SSc-PH: 64.0%°
SSc: 41.5%
Se deficient via GPX3 activity (normal: 196 to 477
U/L in plasma; 52 to 96 U/gHb in whole blood):
SSc-PH: 28.0%°
SSc: 19.5%
Fe Ruiter et al Netherlands Prospective 169, 0 8.2 (5.3) umol/L in ID SSc-PH® 7.9 (4.3) umol/L in ID SSc-nonPH 46.1% of SSc-PH iron deficient®
(2014)% cohort 122 SSc-nonPH
47 SSc-PH

Notes: *Study was also included in meta-analysis by An et al "Significant difference in nutrient levels between SSc patients and controls. “Significant difference in nutrient levels between SSc patient sub-group comparisons. “Findings based
on abstract review only (full-text is available but not able to be accessed by study authors). *Study was also included in Zhang et al meta-analysis (The Association Between Homocysteine and Systemic Sclerosis: A Review of the

Literature and Meta-Analysis). % of patients with nutrient deficiencies except for Hcy, where studies presented % of patients with elevated Hcy.

Abbreviations: Ca, calcium; Cu, copper; Hcy, homocysteine; N/A, not applicable; P, phosphorus; PH, pulmonary hypertension; Se, selenium; vit, vitamin; Zn, zinc.
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in the North of Spain had lower levels of vitamin D compared to those in the South of Spain (20.7+11.0 ng/dL vs 27.4
+16.2 ng/dL).?” Another study demonstrated that vitamin D levels remain significantly lower in SSc patients compared
with healthy controls across all seasons.’’

B Vitamins (B12, B9, B6) and Homocysteine (Hcy)

Vitamin B12 (cobalamin), vitamin B9 (folate), and Hcy were the next most frequently explored micronutrients. These
micronutrients, along with vitamin B6 (pyridoxine), are interrelated due to their roles in methionine metabolism.
Vitamins B9 and B12 are both enzymatic cofactors in the synthesis of methionine from Hey.’*>' Meanwhile, vitamin
B6 is a cofactor for enzymes that convert Hey to cysteine.”’ Deficiencies in these B vitamins may therefore result in
elevated Hey levels.

In vivo, vitamin B12 forms a complex with intrinsic factor that is absorbed in the distal ileum and helps to maintain
neurological function.>® Serum vitamin B12 >300 pg/mL is typically considered normal, 200-300 pg/mL borderline, and
<200 pg/mL defines deficiency.’> Among the reviewed SSc studies, however, thresholds for vitamin B12 deficiency
varied. The average vitamin B12 levels in SSc patients ranged from 197.90 = 60.68 to 323.6 + 291.5 pg/mL,>*>* while
the proportion of patients with vitamin B12 deficiency ranged from 13.2% to 71% (Table 2).>*>° One study further
demonstrated that vitamin B12 levels were lower in SSc patients compared with healthy controls.”®

Few studies have evaluated the deficiency of vitamin B9 in SSc. Vitamin B9 is absorbed in the duodenum and
jejunum and plays an essential role in the synthesis of DNA purines and pyrimidines. As a result, it is essential for
rapidly growing cells and tissues. It is also important in maintaining proper brain function, playing a key role in mental
and emotional health.’” Because vitamin B9 levels were reported in different units across studies, reference ranges were
more difficult to establish (Table 2). One case—control study in Italy reported that patients with SSc have decreased
vitamin B9 levels compared to healthy controls,’® while another case—control study in Iran demonstrated that serum
vitamin B9 was comparable between SSc patients and healthy individuals.”® These disparities could be due to regional or
dietary differences in the study population. In one study evaluating micronutrient deficiencies in SSc patients with
established versus very early disease, vitamin B9 was the most frequently detected deficit, affecting 17.9% of the
established group and 4.3% of the very early SSc group.™

In addition to vitamins B12 and B9, vitamin B6 was investigated in one study. Vitamin B6 is absorbed in the small
intestine and catalyzes transamination and decarboxylation reactions for the synthesis of important molecules, including
neurotransmitters and histamine.”® Among 82 SSc patients who underwent a micronutrient workup, vitamin B6
deficiency (<30 nmol/L) was found in 62% of the patients.”® Further studies are needed to evaluate the relationship
between vitamin B6 deficiency and SSc.

Finally, elevated Hcy was present in some study populations. Hey is an amino acid derived primarily from methionine,
and elevated Hcy levels may impair endothelial cell function and contribute to the development of vascular disease,
increasing the risk of stroke and atherosclerosis, which are reported to be elevated in patients with SSc.%*%% Although
definitions varied, elevated Hey in the context of vitamin deficiency was generally defined as >15 pmol/L. The mean plasma
Hcy level in SSc patients with vitamin B12 deficiency ranged from 9.2 ymol/L to 19.43 + 7.205 umol/L.*8%3463-64 Among
vitamin B12-deficient patients, the proportion of elevated Hey ranged from 9.3% to 72.7%.*®>*%> While some studies

48,49,54,56.66 nther studies

demonstrated that serum Hcy was significantly higher in SSc compared with healthy controls,
found no significant difference.®* °° In fact, Nazarinia et al>* reported Hey to be significantly higher in controls than in SSc

patients, though reasons for this finding are unclear. Therefore, the evidence for elevated Hey in SSc is conflicting.

Other Vitamins (BI, C, E, A)

Other reported vitamin deficiencies included vitamin B1 (thiamine), vitamin C (ascorbic acid), vitamin E (alpha-
tocopherol), and vitamin A (retinol). Vitamins C and E are antioxidants that have various biological functions.
Vitamin C is known for its role in collagen synthesis and the maintenance of neuronal structure and
neurotransmission,®” while vitamin E protects nerves from oxidative stress and preserves immune function.®® Vitamin
A is essential for cell growth and reproduction, vision under poor lighting, and the maintenance of epithelial tissue to
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ensure barriers to infection.®” Lastly, vitamin B1 is important for maintaining the structure and function of nerves.””
These vitamins are primarily absorbed throughout the small intestine, a portion of the GIT commonly impacted by SSc.

Given the relatively few studies investigating these nutrients and varied units of measurement, the actual proportions
of these vitamin deficiencies were difficult to assess (Table 2). Lower concentrations of vitamin C, vitamin E, and
carotene (source of vitamin A) were reported in SSc patients compared to healthy controls in one study.”' In a study
comparing SSc patients with malnutrition versus those without malnutrition (defined by the French National Health
Authority statement), 73% of the SSc patients were deficient in at least one of the evaluated micronutrients (vitamin C,
Se, Zn, B1, B6, B9, B12), and 68% of the non-malnourished SSc patients were still deficient in at least one nutrient.”’

Thus, SSc patients may have deficiencies in numerous vitamins that affect nerve function and physiology.

Minerals

The reviewed studies investigated the following minerals: Zn, Cu, Se, and iron. Zn, Cu, and Se are absorbed primarily
throughout the small intestine and are essential in maintaining cellular membranes and regulating oxygen utilization by
promoting the elimination of free radicals.”* Though results are mixed, it has been shown that Se levels are altered among

7475 and cardiovascular disease,73’76

patients with cancer,”” thyroid disease, which are often reported among SSc patients.

In the reviewed studies, the prevalence of Zn deficiency ranged from 10.9% to 48%,°>%"7 with one study reporting
reduced Zn levels in SSc patients with PH compared to healthy controls.”” Meanwhile, no significant difference was
found in serum Cu between SSc patients and controls.””-”® Therefore, SSc patients may have Zn deficiencies, but further
studies are needed to elucidate whether SSc patients have lower Zn levels compared to healthy individuals.

Interestingly, decreased Se has been reported in SSc patients compared to healthy controls.”"-”"-”® The prevalence of
Se deficiency in SSc patients ranged from 9.1% to 41.5% across several cohorts>™=%"” (Table 2). Notably, Se levels may
be related to presence of PH. Sun et al’’ reported a progressive reduction in Se levels in healthy controls, SSc patients,
and SSc patients with PH (who had the lowest Se levels averaged across three measures of Se). Se deficiency in SSc may
thus be tied to the presence of SSc-related PH.

Iron is absorbed primarily in the duodenum and upper jejunum. In the body, iron is essential for the synthesis of
oxygen transport proteins, including hemoglobin and myoglobin.”® Iron deficiency anemia is seen among patients with
SSc, often in the context of abnormalities in the gut mucosa and vasculature (eg, esophageal ulcers, vascular malforma-
tions in the intestine), malignancies, and/or malnutrition due to abnormal GIT function. Although anemia is common in
SSc, few studies investigated the prevalence and severity of iron deficiency among SSc patients. One study found no
significant differences in serum iron between patients and healthy controls.”® Another study found that the prevalence of
iron deficiency was significantly greater in SSc patients with PH compared to those without PH.* The latter study also

demonstrated increased hepcidin, a protein that regulates iron homeostasis, in the SSc cohort.®

Relationship Between Micronutrient Deficiencies and SSc Features
A summary of findings regarding the association of micronutrient deficiencies and SSc clinical manifestations is shown in
Supplementary Table S2. SSc features including disease subtype, duration, and severity were examined in several of the

included studies. Overall, most studies found no significant association between micronutrient deficiencies and SSc subtype

or disease duration (Table 3). Specifically, vitamin D deficiency was not associated with SSc subtype (limited versus diffuse

24,26,30,31,33,3842,45,47

cutaneous) or increased disease duration.****31364042 Qimilarly, deficiencies in vitamin B12°*% and

vitamin B9**3>7! were not found to be associated with SSc subtype or disease duration. Elevated Hcy was not found to be

48,64,65

associated with SSc subtype, while the evidence for disease duration was conflicting.**** Deficiencies in Se, Cu, or Zn

were not found to be associated with SSc subtype.”>>%”” Due to relatively few studies, there was not enough evidence to
draw robust conclusions on the relationship between vitamins C, E, A and disease subtype, duration, or severity.””"!

The relationship between micronutrient deficiencies and SSc disease severity is contradictory and difficult to synthesize
due to differing metrics used to assess disease severity. When disease severity was based on the presence of organ system
involvement (eg, presence of cardiopulmonary manifestations), some studies reported an association between

vitamin D deficiency and increased SSc-related organ involvement.?****> However, when validated measures were used
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Table 3 Nutrient Deficiencies and Their Clinical Correlates in SSc

Number of Studies that Number Studies that Did Not | Clinical Correlates of Nutrient Deficiency®
Found Deficiency™®e"<*s] | Find Deficiencyle*rences]
Vitamin D 2324283047 0 ® |ncreased risk of SSc-related organ involvement
® LD
® PH®
Homocysteine? | 5449545666 4 53.63-65 ® D¢
® PHC
Vitamin B12 35456 4 48535971 ® None identified
Vitamin B9 3359657 2 #8353 ® None identified
Vitamin C 25971 0 ® None identified
Selenium 555:59.71.77.78 0 ® Increased risk of SSc-related organ involvement
Zinc 3335277 |78 ® None identified
Iron |80 |78 ® None identified
Copper 0 27778 ® None identified
Other nutrients ® None identified for all nutrients
Vitamin Bl 1> 0
Vitamin B6 1> 0
Vitamin E 1 0
Vitamin A 1! 0

Notes: *Deficiency defined as below normal levels based on study reference ranges. “Studies looked for elevation versus no elevation of homocysteine in SSc. “Some studies
found significant correlation while others did not.
Abbreviations: ILD, interstitial lung disease; PH, pulmonary hypertension.

to assess disease severity (eg, Medsger Disease Severity Scale [DSS]), the relationship between vitamin D deficiency and
disease severity was unclear,?*>%3%44
The relationship between micronutrient deficiencies and pulmonary involvement is contradictory (Table 3). Although

D,24"26"30 33,43

some studies found vitamin D deficiency to be associated with IL others found no significant relationship.

There is also conflicting evidence on the relationship between vitamin D deficiency and PH, with some studies reporting

26,27,30,39,44

significance and others finding no significance.***’>*3%%47 Similarly, there was contradictory evidence

regarding Hcy and lung involvement. Some studies detected a significant association between increased Hcy and

H’48,64 53,63

presence of ILD® and P while others found no correlation between Hcy levels and lung involvement.

Furthermore, there does not appear to be a significant relationship between specific micronutrient deficiencies

(eg, vitamin D, Hcy) and skin involvement, including modified Rodnan skin score (mRSS),?0-334-36.38-40.42.44.47

24,26,33,38-40,42,43,47

Raynaud phenomenon,® digital ulcers, or calcinosis.’** Lastly, few studies endeavored to evaluate

the relationship between micronutrient deficiency and GIT involvement. Studies did not find an association between GIT

53,54
9>

involvement and deficiencies in vitamin B12 and B or Hey.”® For vitamin D deficiency, lower vitamin D levels

correlated with higher GIT and kidney parameters of the Medsger DSS.>* However, some studies found no correlations
between vitamin D levels and GIT involvement (undefined),*®*° GIT ulcers,>* or gastroesophageal reflux disease.*?

Vitamin D levels were also not found to be associated with other markers of impaired gut absorption.*®

Discussion
Malnutrition is a serious complication among SSc patients that impacts their disease course and quality of life, requiring
some individuals to rely on total parenteral nutrition (TPN).'%'> The investigation of micronutrient deficiencies in SSc is

therefore crucial in clinical management and patient outcomes. In line with previous studies on nutrient deficiencies in

https:
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SSc,'¢37881 this scoping review found that micronutrient deficiencies commonly occur in SSc patients compared to

healthy individuals. Vitamin D deficiency was the most frequently studied and reported deficiency, followed by vitamins
B12, B9, Se, Zn, and iron. Micronutrient deficiencies have also been shown to exist across different SSc subgroups
(eg, SSc patients with and without PH, limited versus diffuse) and in patients with both early and advanced disease.
There was limited robust evidence regarding the exploratory aim to investigate micronutrient deficiencies and
associated clinical features. Deficiencies in vitamin D and Se appear to indicate greater risk of SSc-related organ
involvement, such as advanced cardiopulmonary manifestations. Though evidence was contradictory, some studies
reported an association between ILD and vitamin D deficiency, as well as elevated Hcy. Vitamin D could potentially
affect ILD progression by exerting various anticoagulant and anti-inflammatory effects,* while Hcy modulates reactive

oxygen species that lead to endothelial dysfunction,®***

potentially amplifying vascular abnormalities already present in
the setting of SSc. In addition, iron and Se deficiency were frequently investigated in the setting of PH, suggesting the
important role of nutritional antioxidants in modulating pulmonary vascular function.*>*® However, further studies are
needed to investigate these associations to yield more robust conclusions.

Interestingly, evidence linking micronutrient deficiencies and GIT involvement was also limited. The lack of a strong
relationship could be attributed to the chosen disease outcome measures or the sample sizes of the reviewed studies,
which may not have been powered to effectively identify such associations. Still, the small bowel is commonly involved
in SSc, and 20% of the patients with small bowel involvement may actually be asymptomatic.® Moreover, a study
examining abnormal GIT transit and Medsger DSS in SSc patients found that all patients requiring TPN have delayed
small bowel transit.®” Since many micronutrients are absorbed in the small bowel, additional studies with increased
statistical power are needed to determine whether small bowel dysfunction is associated with specific micronutrient
deficiencies.

The reasons for micronutrient deficiencies in SSc are likely multifactorial. Low levels of micronutrients in SSc may
occur due to reduced oral intake, malabsorption, or psychological factors. Intake of antioxidants such as vitamin C has
been comparable in both SSc patients and healthy controls.*®*® However, SSc patients generally report lower intake of
dietary fiber (eg, foods with coarse structure) and lower intake of vegetables and fruit.”' In addition, intestinal
malabsorption due to SSc-related GIT manifestations, including small intestinal bacterial overgrowth and dysmotility
secondary to fibrous infiltration of the gut wall, may contribute to poor nutrient absorption.* Lastly, mental health may
play a role in micronutrient deficiencies. One study of 98 SSc patients found greater risk of malnutrition in patients with
mild-to-severe depressive symptoms and hypothesized that depression could be either causative or a consequence of
malnourishment.”

Some limitations of the included studies were that most were relatively small, single-center studies that lacked
validation cohorts. In addition, with the exception of vitamin D, the majority of micronutrients were investigated in only
a few studies, making it difficult to establish a robust relationship between a specific micronutrient and SSc features.
Moreover, thresholds used for defining micronutrient deficiencies varied in some cases, and the clinical criteria used for
defining specific manifestations also varied (eg, some studies evaluated pulmonary pathology using pulmonary function
tests, while others defined pulmonary involvement based on diagnostic imaging).

This scoping review has several strengths. First, the included studies occurred across different geographic regions,
representing the breadth of patients with SSc and accounting for possible differences in environmental factors that may
contribute to nutrient deficiencies in this disease, such as diet or sunlight exposure. Second, the included studies
investigated SSc patients with different features, enabling us to evaluate the relationship between specific vitamin
deficiencies and clinical phenotypes. Third, the present study employed robust methodology to conduct
a comprehensive literature search using the standardized PRISMA framework and established inclusion and exclusion
criteria following the predetermined PICOS structure.

There are several important clinical implications of the present findings. Because micronutrient deficiencies were
found across different SSc groups, routine screening for these deficiencies may be important for the clinical care of SSc
patients.’® Since testing for micronutrient deficiencies is non-invasive and highly feasible in most clinical settings, all
SSc patients, regardless of their disease subtype and duration, should be routinely screened for the presence of these
deficiencies. The scoping review also found that even SSc patients with early disease and without GIT symptoms are
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likely to have nutritional impairments. Approximately 33% of the patients with very early SSc had at least one deficiency
in either Zn, Se, vitamin B9, while about half of patients with established SSc had at least one nutrient deﬁciency.55
Effective nutrient screening should thus be initiated early upon clinical suspicion or diagnosis, and perhaps
a standardized method of identifying high-risk patients and screening for deficiencies must be further studied.

Nutritional education may also be important for patients to manage their health status. Table 4 shows common
nutrient deficiencies in SSc and healthy food sources that may help guide patients and providers in supplementing these
nutrients. Figure 2 shows locations along the GIT where these nutrients are mainly absorbed. Micronutrient screening and
greater understanding of nutrient absorption may help with the detection and management of micronutrient deficiencies
and potentially lead to earlier identification of malnutrition.

Regarding future research directions, larger studies are needed to examine the nutritional etiologies and associated
clinical presentations of micronutrient deficiencies in SSc. The relationship between nutritional status, diet, demographic
factors, and psychological symptoms in SSc should also be more thoroughly investigated. Lastly, it is necessary to further

Table 4 Sources for Vitamins and Nutrients Commonly Depleted in Patients with SSc

Vitamin Selected Healthy Food Options

Vitamin D Fish: cod, trout, salmon, tuna, sardines, mackerel, swordfish
Fish liver oils

Dairy: cheddar cheese, milk

Soy, almond, oat milks

Egg

White mushrooms that have been treated with UV light

Breakfast cereals (fortified with 10% of the daily value for vitamin D)

Vitamin B12 Beef liver and clams
Fish (especially trout, salmon, tuna)
Breakfast cereals (fortified with 25% of the daily value for vitamin B12)

Dairy: milk, yogurt, swiss cheese

Nutritional yeast products (fortified with 100% of the daily value for vitamin B12)

Vit B9 ® Oranges
Brussels sprouts, asparagus, or leafy green vegetables like spinach

® Peas, beans

Vitamin C Citrus fruits (ie, oranges, grapefruits)
Kiwi fruits

Tomatoes or tomato juice

Potatoes

Red and green peppers

Strawberries

Broccoli

Brussels sprouts

Cantaloupe

Iron Breakfast cereals, fortified with 100% of the daily value for iron
Oysters

Chocolate

Lean meat, beef liver

Beans: white beans, kidney beans, edamame

Lentils, chickpeas, green peas

Nuts: cashew, pistachio

Tofu

(Continued)
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Table 4 (Continued).

Vitamin Selected Healthy Food Options

Copper Shellfish: oysters, crabs

Cashew nuts

Seeds: sunflower seed kernels, sesame seeds
Chocolate

Potatoes

Whole-grain products

Wheat-bran cereals

Selenium Fish: tuna, halibut, sardines, shrimp

Meat: ham, chicken
Egg

Brazil nuts

Whole wheat bread

Oatmeal

Lentils

Zinc Shellfish: oysters, crab, lobster

Meats: beef, pork, chicken

Dairy foods: milk, yogurt, Swiss/cheddar/mozzarella cheese
Cashew nuts

Pumpkin seeds

Kidney beans

Chickpeas

explore how interventions to replete nutrient deficiencies may affect patient outcomes. Understanding micronutrient
deficiencies not only enables more informed management of disease-related complications but also has potential to
greatly improve the health and quality of life in SSc patients.

Conclusions
Micronutrient deficiencies are common in SSc and have been associated with specific SSc clinical features. Screening for

micronutrient deficiencies among symptomatic patients may lead to the identification and effective management of
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Figure 2 Main locations of micronutrient absorption in the gastrointestinal tract.
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malnutrition in SSc. Larger studies are needed to evaluate the relationship between nutritional status and SSc symptoms
and to determine whether repletion of micronutrient deficiencies can affect patient outcomes in SSc.

Abbreviations
SSc, systemic sclerosis; GIT, gastrointestinal tract; Hcy, homocysteine; Zn, zinc; Cu, copper; Se, selenium; PH,
pulmonary hypertension; ILD, interstitial lung disease.
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