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ABSTRACT

Subclinical vitamin C deficiency, while less apparent than scurvy, is increasingly
recognized as a contributing factor to idiopathic musculoskeletal pain, yet it remains
underdiagnosed in clinical settings. This review consolidates mechanistic and clinical
evidence that links vitamin C insufficiency to dysfunction in joints, bones, and muscles,
advocating for its integration into pain management protocols. A comprehensive
literature analysis of peer-reviewed studies was conducted, focusing on the roles of
vitamin C in collagen biosynthesis, antioxidant defense, and immunomodulation.
Clinical trials, observational studies, and mechanistic research were evaluated to
clarify associations with musculoskeletal symptoms and therapeutic outcomes.
Vitamin C deficiency disrupts collagen stability, increases oxidative stress, and triggers
pro-inflammatory cytokine cascades, leading to nonspecific myalgia, arthralgia, and
delayed recovery. High-risk populations, including smokers, the elderly, bariatric
surgery patients, and socioeconomically disadvantaged groups, are disproportionately
affected. Repletion trials indicate that vitamin C supplementation can reduce pain and
improve functional outcomes, supporting its therapeutic use. Clinicians should
routinely screen for vitamin C deficiency in patients presenting with unexplained
musculoskeletal pain, particularly among at-risk groups. Evidence-based
supplementation, dietary modifications, and interdisciplinary collaboration are
essential to address this reversible contributor to chronic pain. The prevalence of
vitamin C deficiency remains a significant public health concern, with estimates
suggesting that approximately 7% of the U.S. population is affected, based on
NHANES data from 2003 to 2006 and 2017-2018. In India, the prevalence is notably
higher, with 74% of adults in North India and 46% in South India exhibiting deficiency,
with men showing a higher prevalence than women. Further research is necessary to
establish causality and optimize dosing regimens to mitigate the burden of vitamin C
deficiency on musculoskeletal health.

1. INTRODUCTION

pleiotropic roles in human physiology, including collagen
biosynthesis, antioxidant activity, and immune regulation (1). As
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a cofactor for prolyl and lysyl hydroxylases, it ensures the post-
translational hydroxylation of collagen, a process critical for the
structural integrity of connective tissues in joints, bones, and
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muscles (2, 3). Historically associated with scurvy, a disease
marked by haemorrhagic joints, impaired wound healing, and
lethargy. Vitamin C deficiency is now recognized to manifest
insidiously as subclinical insufficiency, particularly in vulnerable
populations such as smokers, older adults, and individuals with
chronic inflammatory or malabsorptive conditions (4,5).

The prevalence of vitamin C deficiency in the U.S. is
approximately 7%, based on NHANES data from 2003 to 2006
and 2017-2018. (1) In India, vitamin C deficiency was observed
in 74% of adults in North India and 46% in South India, with men
showing higher prevalence than women. (6) Despite
advancements in nutritional science, mild-to-moderate vitamin C
deficiency is frequently overlooked in the differential diagnosis
of chronic musculoskeletal pain. While scurvy’s classic signs are
rare, suboptimal vitamin C levels impair collagen crosslinking,
exacerbate oxidative tissue damage, and perpetuate
inflammatory cascades, culminating in nonspecific pain
syndromes that mimic rheumatologic or degenerative disorders
(6,7). This gap in clinical recognition deprives patients of low-risk,
cost-effective interventions and underscores the need for
heightened vigilance. This review aims to: elucidate the
biochemical mechanisms by which vitamin C deficiency
destabilizes musculoskeletal integrity, including collagen defects,
mitochondrial oxidative stress, and cytokine dysregulation;
evaluate clinical evidence associating insufficiency with pain
phenotypes such as arthralgia, myofascial discomfort, and
delayed post-injury recovery; propose evidence-based strategies
for screening, supplementation, and dietary optimization in
multidisciplinary pain management.

By integrating mechanistic insights with clinical data, this work
seeks to bridge the gap between bench research and bedside
practice, reducing the burden of undiagnosed deficiency in
chronic pain populations.

2. BIOCHEMICAL MECHANISMS AND
PHYSIOLOGICAL FUNCTIONS OF VITAMIN C

Vitamin Cis a key element in many functions, including:
Collagen Synthesis Impairment

Vitamin C (ascorbic acid) plays a crucial biochemical role in the
post-translational modification of collagen, serving as a required
cofactor for the enzymes prolyl hydroxylase and lysyl
hydroxylase. These enzymes catalyse the hydroxylation of
proline and lysine residues in collagen precursors—an essential
step for the stabilization of the collagen triple helix and the
formation of cross-links between collagen fibrils, which are
necessary for the tensile strength and structural integrity of
connective tissues. (2,3)

In vitamin C deficiency, the lack of proline and lysine
hydroxylation leads to the production of unstable and under-
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hydroxylated collagen molecules. This defective collagen disrupts
the extracellular matrix and compromises the function of tissues
that rely on collagen for structure and support, particularly the
musculoskeletal system, including joints, tendons, cartilage, and
bone. (4)

Clinically, this presents as musculoskeletal pain, joint swelling,
and impaired wound healing, often seen in the condition scurvy,
the severe manifestation of prolonged vitamin C deficiency. In
children, it can result in subperiosteal haemorrhages and
pseudo-paralysis due to pain, while in adults, joint effusion and
muscle weakness are common. (5)

The deficiency also compromises bone health by impairing the
formation of type | collagen, which constitutes the organic matrix
of bone. This leads to a weakened bone structure, reduced
mineralization, and an increased risk of osteopenia and fractures.
Studies have shown a correlation between low serum vitamin C
levels and decreased bone mineral density, suggesting that
vitamin C plays a protective role against bone loss (6,7).

Additionally, cartilage degradation occurs due to impaired
synthesis of type Il collagen and proteoglycans, key components
of articular cartilage. This can contribute to degenerative joint
conditions and may exacerbate osteoarthritic changes. (8)

Oxidative Stress and Tissue Damage

Vitamin C functions as a powerful antioxidant, playing a central
role in neutralizing reactive oxygen species (ROS) and
maintaining redox homeostasis in various tissues. It scavenges
free radicals such as superoxide anion (0,7), hydroxyl radical
(OH:), and hydrogen peroxide (H,0,), thereby preventing
oxidative damage to lipids, proteins, and DNA. (9,10)

In skeletal muscle and joint tissues, where metabolic activity and
mechanical stress are high, ROS are generated as byproducts of
mitochondrial respiration and inflammatory responses. Under
normal physiological conditions, vitamin C and other
antioxidants counteract ROS production to prevent cellular
damage. However, in the case of vitamin C deficiency, this
balance is disrupted, leading to oxidative stress—a condition
characterized by excessive accumulation of ROS. (11)

Oxidative stress contributes to muscle fatigue by damaging
mitochondrial membranes and impairing energy metabolism. It
has been shown to reduce contractile efficiency and increase
muscle soreness following physical activity. (12) Furthermore,
ROS can activate signaling pathways that upregulate pro-
inflammatory cytokines, contributing to chronic inflammation
and tissue degradation. (13)

In joint tissues, oxidative stress plays a pivotal role in the
pathogenesis of osteoarthritis and other degenerative joint
diseases. ROS-mediated damage to chondrocytes, synovial fluid,
and articular cartilage accelerates the breakdown of extracellular
matrix components such as collagen and proteoglycans. (14)
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Vitamin C, through its antioxidative and anti-inflammatory
actions, can mitigate these effects, and its deficiency may
therefore exacerbate joint degeneration and inflammation. (15)

Additionally, vitamin C contributes to regeneration and repair by
protecting against oxidative modifications of cellular
components and enhancing immune response, further
highlighting its importance in maintaining musculoskeletal
health. (16)

Immune dysregulation and inflammation

Vitamin C exerts significant immunomodulatory effects that
influence both the innate and adaptive immune systems. One of
its key roles is in the regulation of cytokine production, including
the modulation of pro-inflammatory cytokines such as tumour
necrosis factor-alpha (TNF-a) and interleukin-6 (IL-6), which play
critical roles in inflammatory processes and pain pathways.
(17,18) Under conditions of oxidative stress or infection, immune
cells (such as macrophages and neutrophils) produce elevated
levels of these cytokines, contributing to systemic inflammation.
Vitamin C inhibits excessive production of TNF-a and IL-6 by
reducing NF-kB activation, a transcription factor that promotes
the expression of numerous inflammatory genes. (19) By
maintaining redox balance and modulating signaling cascades,
vitamin C helps to limit the magnitude and duration of
inflammatory responses. (20)

When vitamin C levels are deficient, the immune system
becomes dysregulated, leading to persistent low-grade
inflammation. This chronic inflammatory state contributes to
pain sensitization by stimulating nociceptors and lowering the
threshold for pain perception. Pro-inflammatory cytokines like IL-
6 have been shown to directly sensitize peripheral nerve endings
and increase central nervous system excitability, leading to
hyperalgesia and chronic musculoskeletal pain. (21,22)
Moreover, IL-6 and TNF-a contribute to the catabolic
degradation of musculoskeletal tissues by promoting matrix
metalloproteinase (MMP) activity and suppressing anabolic
repair pathways in cartilage and muscle. This further propagates
tissue damage and reinforces the inflammatory-pain cycle. (23)

Therefore, adequate vitamin C intake is critical not only for
supporting immune defense but also for modulating
inflammation and reducing pain-related sensitivity, particularly
in conditions associated with chronic musculoskeletal pain and
fatigue syndromes.

Other Functions

Vitamin C supports numerous physiological systems beyond its
antioxidative action. It enhances non-heme iron absorption by
reducing ferric to ferrous iron, thereby improving iron
bioavailability. (24,25) It helps maintain healthy lipid profiles by
lowering LDL cholesterol and triglycerides. (24,26) Within the
endocrine system, vitamin C plays roles in catecholamine
synthesis in the adrenal glands, thyroid hormone production, and
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enhancing insulin secretion from pancreatic B-cells. (27,28) It is
essential for collagen formation, serving as a cofactor in
hydroxylation reactions and stimulating fibroblast activity. (24) In
the nervous system, it acts as a neuromodulator, influencing
multiple neurotransmitter pathways, including dopaminergic,
cholinergic, and glutamatergic systems. (24) Vitamin C also
contributes to skin depigmentation by inhibiting melanin
synthesis and protecting against UV-induced damage. (24,26)
and supports energy metabolism via its role in carnitine
biosynthesis, crucial for mitochondrial fatty acid transport. (27)

3. MAIN DIETARY SOURCES AND FACTORS
AFFECTING VITAMIN C AVAILABILITY AND
BIOAVAILABILITY

Vitamin C is predominantly obtained from dietary sources such
as fruits, including citrus (oranges, lemons, grapefruits), berries
(strawberries, raspberries, blackberries), and tropical fruits
(mango, pineapple, papaya, guava, kiwi), and vegetables such as
green vegetables (asparagus, peas, avocado), leafy greens (kale,
Swiss chard, dandelion), cruciferous vegetables (broccoli,
Brussels sprouts), and bell peppers. (29) It is also present in
various herbs, including parsley, thyme, cilantro, alfalfa,
fenugreek, kelp, and burdock. (29) Several factors reduce
vitamin C content and stability in foods. These include exposure
to light and air, which accelerates oxidation via polyphenol
oxidase and ascorbate oxidase activity (30), high temperatures
during cooking that degrade vitamin C, especially in the presence
of oxygen and ferric ions (Fe3*) (31), and storage conditions,
processing, wilting, and pH, which promote oxidation via
hydrogen peroxidase. (28) Soil quality and harvesting conditions
also affect plant-based synthesis of ascorbic acid. (28)

Vitamin C bioavailability is regulated by intestinal absorption,
tissue transport, and renal reabsorption (32,33). The human
body absorbs up to 200 mg efficiently, after which absorption
becomes fractional, and excess is excreted in urine. (34) Several
dietary and physiological factors impact this process. Glucose
and cellulose can impair absorption by competing or inhibiting
vitamin C uptake (35,36), whereas polyphenols enhance its
bioavailability by up to 35% (37,38), and vitamin E helps preserve
ascorbate levels in vivo. (39) Lifestyle factors such as smoking
(40), physical inactivity, and obesity (41) reduce plasma vitamin
C concentrations. Age, stress, and chronic illnesses (e.g.,
malabsorption, iron overload, haemodialysis, and psychiatric
conditions) also impair availability. (42) Dietary habits, including
eating disorders, restrictive diets, or limited intake of fresh
produce, contribute to deficiency (41), while food allergies may
restrict vitamin C-rich food intake (42). Genetic polymorphisms
affecting sodium-dependent vitamin C transporters (SVCTs) also
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play a significant role in determining tissue and plasma levels of
vitamin C. (43)

4. RISK FACTORS AND VULNERABLE
POPULATIONS

Although overt scurvy is rare, subclinical deficiency remains
prevalent among specific populations. Risk factors span
socioeconomic, dietary, behavioural, and medical domains,
necessitating a high index of suspicion in at-risk individuals.
(Table 1).

Table 1. Vitamin C deficiency risk factors.

Social isolation and dietary habits: often called a "tea and
toast" diet, particularly common among older individuals and
institutionalized patients,

Limited access to fruits and vegetables
Smoking: due to increased oxidative stress.

Alcohol use disorder: more than 80 g/d of ethanol may
experience increased renal excretion of vitamin C and poor
dietary habits.

Bariatric surgery: due to reduced absorption capacity.
Type 1 diabetes: increased vitamin C requirements,

Malabsorptive disorders: such as inflammatory bowel
disease, celiac disease, and cystic fibrosis

Restrictive or low carbohydrate diets: reduced vitamin C
intake.

Food allergies: can limit dietary diversity
Iron-overload conditions: renal losses
Eating disorders: inadequate vitamin C intake.

Developmental disabilities and mental illness: inadequate
vitamin C consumption.

Infant feeding practices: Cow's milk instead of breast milk or
fortified formula

Haemodialysis: increased renal losses of vitamin C,
potentially leadingjto its deficiency.

Socioeconomic Disadvantage and Dietary Insufficiency

Limited access to fresh produce due to poverty, homelessness, or
food insecurity remains a leading cause of vitamin C deficiency.
Populations dependent on institutional diets or highly processed
foods—such as the elderly or incarcerated individuals—are
particularly vulnerable. (44) The “tea and toast” dietary pattern,
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characterized by high carbohydrate and low micronutrient
intake, exemplifies such inadequate nutrition.

Smoking and Alcohol Use

Smoking increases oxidative stress and accelerates vitamin C
depletion. Smokers require approximately 35 mg/day more
vitamin C than non-smokers to maintain physiological levels. (45)
Chronic alcohol use further impairs dietary intake and vitamin C
absorption while increasing renal excretion, compounding the
risk of deficiency. (46)

Bariatric Surgery and Malabsorptive Disorders

Bariatric procedures, particularly those with a malabsorptive
component (e.g., Roux-en-Y gastric bypass), are associated with
significant risk for micronutrient deficiencies. Postoperative
alterations in gastrointestinal anatomy reduce the absorption of
water-soluble vitamins, including vitamin C. (47) A study by
Gasmi et al. reported a 34.6% prevalence of vitamin C deficiency
among patients within one year of surgery. (48) Similarly,
gastrointestinal diseases such as inflammatory bowel disease
(IBD), celiac disease, and cystic fibrosis impair absorption and
elevate nutritional requirements. (49)

Restrictive Eating Behaviours and Developmental Disorders

Eating disorders such as anorexia nervosa and orthorexia can
result in prolonged avoidance of fruits and vegetables, leading to
micronutrient deficiencies including ascorbate deficiency.
Additionally, individuals with autism spectrum disorder or
intellectual disabilities may exhibit selective eating patterns,
further increasing risk. (50)

Infant Feeding Practices and Pregnancy

Infants fed unfortified cow’s milk in place of breast milk or
formula are at risk for scurvy, as cow’s milk lacks adequate
vitamin C. (51) During pregnancy and lactation, metabolic
demands increase, and without sufficient dietary intake,
maternal deficiency may compromise both maternal and foetal
health. (52)

Chronic lliness and Haemodialysis

Chronic diseases such as diabetes, chronic kidney disease (CKD),
and hemochromatosis alter vitamin C metabolism or increase its
clearance. Haemodialysis, in particular, accelerates the loss of
water-soluble vitamins, requiring supplementation to prevent
deficiency-related complications. (52)

5. MUSCULOSKELETAL MANIFESTATIONS

Vitamin C deficiency, though often underdiagnosed, can lead to
a wide range of systemic and musculoskeletal symptoms. Both
overt and subclinical deficiencies have been observed across
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diverse populations, particularly those with dietary inadequacies
or underlying medical conditions.

Musculoskeletal symptoms are among the most prominent
features of vitamin C deficiency. It is estimated that
approximately 80% of affected individuals experience
musculoskeletal pain or dysfunction, especially in paediatric
populations. (53) These manifestations often mimic
rheumatologic or orthopaedic disorders, leading to diagnostic
delays.

Bone Pain and Osteopenia

Besides its critical role for bone matrix development and
mineralization., deficiency impairs osteoblast differentiation and
collagen formation, resulting in osteopenia and increased
fracture risk, particularly in the spine and lower extremities.
(18,47,54)

Joint Involvement

Vitamin C deficiency leads to vascular fragility within joint tissues,
promoting hemarthrosis, joint effusion, and arthralgia. Large
joints such as the knees and elbows are commonly involved, with
some cases mimicking juvenile idiopathic arthritis or septic
arthritis. (5,55)

Myopathy, fatigue, and Muscle Pain

Muscle symptoms arise due to decreased carnitine synthesis,
which compromises mitochondrial fatty acid oxidation. Patients
often report proximal muscle weakness, fatigue, and myalgias. In
severe cases, histological studies show muscle fibre atrophy and
interstitial haemorrhage. (56,57)

Subperiosteal Haemorrhages

Capillary fragility and impaired connective tissue integrity result
in subperiosteal haemorrhages, especially in children. These are
commonly found along the femur and tibia and may present with
intense localized pain and swelling. Radiographic signs include
periosteal elevation and calcified hematomas. (58,59)

Overlap with Chronic Pain Syndromes: Some case series have
suggested that vitamin C supplementation may reduce pain in
conditions such as fibromyalgia and osteoarthritis, indicating a
broader role in musculoskeletal health. (60)

Historical and Paediatric Considerations

Scurvy, the classic manifestation of prolonged vitamin C
deficiency, develops within 4-12 weeks of inadequate intake.
Initial symptoms include fatigue, malaise, and anorexia, followed
by mucocutaneous signs such as gingival bleeding, perifollicular
haemorrhages, ecchymoses, and impaired wound healing. (61)
Musculoskeletal findings, including myalgias and joint swelling,
are especially prominent in children, with refusal to ambulate
and limping often being early signs. (53,62) Pathognomonic signs
include corkscrew hairs and 'scorbutic rosary," tender
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costochondral junctions. Advanced disease may result in pseudo-
paralysis, ocular haemorrhages, anasarca, seizures, and
multiorgan failure if untreated. (62-64)

6. DIAGNOSTIC CHALLENGES AND KEY
RECOMMENDATIONS TO AVOID MISDIAGNOSIS

Musculoskeletal manifestations are nonspecific and often lead to
misdiagnoses such as malignancy, osteomyelitis, or autoimmune
arthritis. A careful dietary history, along with biochemical testing
(e.g., serum ascorbate levels <11.4 pmol/L), is essential for
diagnosis. (60) (Figure 1). Oral supplementation with 500-1000
mg/day of vitamin C usually results in rapid symptomatic
improvement within 72 hours, with complete resolution over
weeks. (65,1)

Musculoskeletal symptoms
- Arthralgia
- Myalgia
« Arthritis
-« Bone pain

T

Risk factors

~

+ Dietary insufficiency
+ Smoking and alcohol use
«+ Bariatric surgery

h /

2 - - Yes
Clinical signs: either
Consider another
diagnosis present (supportive) or

absent

|

Serum ascorbic

Normal Low Not available
Normal |« Leukocytes ascorbic Treat Therapeutic trial

[

Figure 1. Vitamin C diagnostic and therapeutic algorithm.

Suspect Vitamin C Deficiency in High-Risk Populations: patients
with poor dietary habits (e.g., limited fruits/vegetables, "tea and
toast" diets in elderly/institutionalized individuals); Smokers,
chronic alcohol users (>80 g/day ethanol), and those
with malabsorptive conditions (e.g., IBD, celiac disease, post-
bariatric surgery); Paediatric patients fed unfortified cow’s milk
or with developmental disabilities affecting dietary diversity.
(18,55).

Recognize Red Flag Symptoms: Unexplained bone
pain (especially weight-bearing bones) or arthralgia or
unresponsive to anti-inflammatory therapy. Proximal muscle
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weakness or pseudo-paralysis (children refusing to walk/limp
without trauma). Poor wound healing or gingival
bleeding alongside musculoskeletal complaints. (58,59)

Identify Pathognomonic Clinical Signs: corkscrew hairs (coiled
hair shafts) orswan neck hairs (multiple bending points);
scorbutic rosary (sharp, tender costochondral swellings) vs.
rachitic rosary (rounded, non-tender in rickets). perifollicular
haemorrhages (lower extremities) or subperiosteal hema-
tomas (painful limb swelling). (57,66)

Leverage Imaging Clues: X-ray: Look for Fraenkel’s
line (metaphyseal sclerosis), Triimmerfeld zone (lucent band),
or periosteal elevation (subperiosteal haemorrhage). MRI: bone
marrow oedema or periosteal fluid in the absence of
trauma/infection. (67,68)

Rule Out Mimickers: inflammatory arthritis (e.g., RA, JIA): Check
CRP/ESR (typically normal in scurvy); osteomyelitis: Look for
fever, leucocytosis, or focal bone destruction on imaging.
metabolic bone disease (e.g., rickets/osteomalacia): Differen-
tiate via serum calcium, phosphate, and vitamin D levels. (69,70)

Confirm with Laboratory Testing: serum ascorbic acid <11.4
umol/L (gold standard); consider a therapeutictrial: rapid
symptom improvement (1-2 weeks) with vitamin C
supplementation (1-2 g/day) supports diagnosis. (64,65)

Avoid Common Pitfalls: overreliance on age stereotypes: Scurvy
is not exclusive to historical/developing-world contexts;
misinterpreting imaging: Subperiosteal hematomas may mimic
trauma or malignancy; correlate with dietary history, ignoring
psychosocial factors: Screen for food insecurity, eating disorders,
or caregiver neglect in paediatric/geriatric cases. (71,66).

7. THERAPEUTIC STRATEGIES
Vitamin C Therapy for Musculoskeletal Symptoms

Vitamin C supplementation represents a targeted therapeutic
strategy for mitigating musculoskeletal pain and dysfunction,
particularly in individuals with confirmed or suspected
deficiency. (Figure 2) Given its dual role in collagen synthesis and
antioxidant defense, vitamin C is critical for maintaining the
structural integrity of connective tissues (e.g., cartilage, tendons,
and bone matrix) and mitigating oxidative stress-induced
inflammation. Clinical studies suggest that repletion of vitamin C
in deficient individuals can lead to measurable improvements in
pain scores and functional outcomes. For instance, trials in
patients with osteoarthritis or chronic myalgia have
demonstrated reductions in joint stiffness and muscle
tenderness following daily supplementation with 500-1000 mg
of ascorbic acid, doses sufficient to saturate plasma levels and
restore tissue reserves (72,73). Clinical evidence supports the
rapid resolution of musculoskeletal symptoms following vitamin
C repletion, with significant improvements observed in pain,
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mobility, and fatigue within days to weeks of initiating
supplementation (58).

Serum and/or leukocytes
ascorbic acid levels

Not available
r Low l (symptomatic patient with
Sever deficiency

risk factor)
Mild deficiency l
<11.4 ymol/L 11-22 pmolilL

Therapeutic trial
l / l 1-2 g daily for 1-2 weeks.

Ascorbic acid 200-
« Liopsomal vitamine 1-2 g

500 mg daily for 3 Impraovement No improvement
orally,or months
« IV (it malabsorption) l
continue until resolution of symptoms l
Continue for 3 Consider another
months diagnosis

+ Mainenance dose
200-500 mg daily | ¥
« Diet

Figure 2. Vitamin C treatment modalities algorithm.

These benefits are attributed to enhanced collagen crosslinking,
which stabilizes articular cartilage and reduces mechanical stress
on joints, as well as the quenching of reactive oxygen species
(ROS) that perpetuate nociceptive signaling and tissue
degradation. (5) Populations at heightened risk of deficiency,
such as smokers, the elderly, and those with malabsorption
syndromes, may derive particular benefit from tailored
supplementation, as suboptimal vitamin C status exacerbates
musculoskeletal fragility and delays recovery from injury. (57)

In haemodialysis patients, serum vitamin C should be monitored
at least twice a year due to increased losses during dialysis
(74,75). Co-administration with iron may enhance non-heme iron
absorption and alleviate anaemia-related fatigue contributing to
musculoskeletal pain (76), though caution is advised in
individuals with iron-overload conditions like hemochromatosis
(77). Combined supplementation with collagen peptides or
omega-3 fatty acids may further support anti-inflammatory and
tissue-repair mechanisms (78). While generally safe, prolonged
high-dose intake (>2000 mg/day) is not recommended due to
risks such as gastrointestinal upset and oxalate nephropathy in
susceptible individuals (79).

How to Optimize Vitamin

Musculoskeletal Pain?

C Supplementation for

Selecting the optimal form of vitamin C for managing
musculoskeletal symptoms depends on bioavailability,
tolerability, clinical context, (Table 2,3) and patient-specific
factors. Below is an evidence-based analysis of available
formulations to guide therapeutic decisions. (Table 4)

To cite the article: Haddad WS et al. What if it's just vitamin C deficiency? The role of vitamin C deficiency in musculoskeletal pain. Mechanisms, clinical implications, and therapeutic

approaches. Batna J Med Sci 2025; 12(2): 253-262



Page259

Table 2. Vitamin C supplementation key factors.
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symptoms in acid-sensitive individuals, such as those with

Key Factors

Details

Condition Severity:

Tolerability

Dosing Frequency

Collagen Synthesis

Antioxidant/Immune
Support

Chronic Pain

Upper Limit

Contraindications

Mild deficiency: ascorbic acid or mineral
ascorbates.

Chronic pain/inflammation: liposomal or IV
vitamin C.

Buffered forms (mineral ascorbates) for Gl
sensitivity.

Liposomal or sustained-release formulas for
steady plasma levels.

All forms are equally effective if plasma levels are
saturated (=200 mg/day)

Liposomal or IV vitamin C may offer superior ROS
guenching in high oxidative stress (e.g., post-
surgery, chronic inflammation).

Trials favour liposomal or IV forms for reducing
myalgia and joint pain.

2000 mg/day for most adults to avoid Gl side
effects.

Hemochromatosis (vitamin C enhances iron

gastroesophageal reflux disease (GERD) (81).

Table 4. Vitamin C adverse effects and their management.

Risk Factor Potential Issue At-Risk Groups Prevention/Solution

Kidney Stones High-dase vitamin C (>2,000 People with a history of Limit doses to £1,000 mg/day;
mg/day) may increase oxalate oxalate stones, kidney hydrate well; monitor urine
excretion, raising kidney stone risk.  disease. oxalate.

Gl Distress Diarrhoea, nausea, cramps (dueto  Those with sensitive Use buffered forms
osmotic effect at high doses). stomachs, IBS, or taking (sodium/calcium ascorbate) or

>3,000 mg/day. liposomal C; split doses.
Iron Overload Vitamin C enhances non-heme iron  Hemochromatosis Avoid high-dose vitamin C;

Drug Interactions

absorption, which may be harmful
in iron overload disorders.

May interfere with certain
medications (e.g., chemotherapy,
statins, anticoagulants).

patients, frequent blood
transfusions.

Cancer patients (especially
on platinum drugs),
warfarin users.

monitor serum iron levels.

Consult a doctor before
combining with medications.

Pro-Oxidant Very high doses (>10,000 mginone  People with high oxidative  Avoid mega-doses unless
Effects dose) may act as a pre-oxidant in stress (e.g., advanced under medical supervision.
S0Me cases. cancer, metabolic
disorders).
Hypoglycaemia Vitamin C may lower blood sugar Diabetics on glucose- Monitor blood sugar; adjust
Risk slightly (enhances insulin lowering meds. meds if needed

Dental Erosion

False Lab Tests

sensitivity).
Chewable/vitamin C tablets may
erode enamel due to acidity.

Mega-doses can skew blood
glucose, stool occult blood, or LDH
tests.

People with enamel
damage or acid sensitivity.

Patients undergoing
medical testing.

Use non-acidic forms (ester-C,
sodium ascorbate); rinse
mouth after.

Stop high-dose vitamin C 48—
72 hrs before lab work.

absorption).

Kidney disease (risk of oxalate stones with high
doses).

Table 3. Vitamin C forms and characteristics.

Form Best For Pros Cons Dose Range
LipesomalC  -High-dose therapy -Near-IV absorption -Expensive 1,000-6,000+
-Chronicillness, -No Gl upset -Quality varies mg/day
-immune support
IV Vitamin C -Severe deficiency, - -Direct Requires 10,000-100,000
(Sodium -Cancer support bloodstream clinic/doctor mg/session
Ascorbate) -Infections delivery,
-Ultra-high doses
Ester-C -Sensitive stomachs  Gentle, long-lasting -Contains 500-3,000
(Calcium -Daily maintenance incells calcium mg/day
Ascorbate + -Mid-range cost
Metabolites)
Sodium -High-dose oral/IvV -Non-acidic -High doses may  1,000-10,000
Ascorbate -lmmune support -Good absorption still cause mg/day
(Buffered) diarrhoea
Ascorbic -Budget-friendly -Cheap -Gl distress at 500-2,000
Acid (Pure) -General use -widely available high doses mg/day
VitaminC + -Antioxidant synergy -Enhanced uptake -Mildly better 500-2,000
Bioflavonoids -Skin/collagen -Anti-inflammatory  than plain mg/day
support ascorbic acid
Mineral -Long-term use -Gentle -Lower potency  500-2,000
Ascorbates -Mineral deficiency  -Provides minerals  per gram mg/day
(Mg/Zn/Ca)

Ascorbic Acid (Pure Vitamin C)

Ascorbic acid, the most studied and cost-effective form, achieves
plasma saturation at doses of 200-400 mg/day, with excess
excreted renally. Higher doses (21000 mg) split throughout the
day improve absorption efficiency (80). It is rapidly absorbed in
the small intestine via sodium-dependent transporters (SVCT1)
and effectively corrects deficiency while supporting collagen
synthesis. However, its acidic nature may cause gastrointestinal
irritation (e.g., nausea, diarrhoea) at high doses and exacerbate

Mineral Ascorbates (Buffered Forms)

Examples include sodium ascorbate, calcium ascorbate, and
magnesium  ascorbate. These buffered forms exhibit
bioavailability comparable to ascorbic acid, but are gentler on the
stomach due to their neutral pH. Sodium ascorbate is particularly
unsuitable for individuals with hypertension or kidney issues.
(82) Advantages include better tolerability in patients with
gastritis and the provision of trace minerals (e.g., calcium,
magnesium) that support bone health. A limitation is the sodium
content in sodium ascorbate (=131 mg per 1000 mg ascorbate),
which may require monitoring in sodium-restricted diets. (83)

Liposomal Vitamin C

Liposomal vitamin C is encapsulated in phospholipid vesicles to
enhance absorption. It bypasses SVCT1 transporters, potentially
increasing cellular uptake, with some studies reporting 1.5-2x
higher plasma levels compared to oral ascorbic acid. (84, 85) This
form minimizes gastrointestinal distress and is suitable for high-
dose therapy (3000—-6000 mg/day) in chronic conditions like
inflammatory arthritis. However, it is costlier than standard
forms, and long-term safety data remain limited. (86)

Ester-C® (Calcium Ascorbate + Metabolites)

Ester-C® combines calcium ascorbate with vitamin C metabolites
(e.g., dehydroascorbate, threonate). While its neutral pH
improves tolerability, evidence for enhanced tissue retention in
leukocytes is mixed (41). It is often preferred for joint health due
to its calcium content, which may synergize with collagen
stabilization. (87)
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Intravenous (IV) Vitamin C

Reserved for severe deficiency, critical illness, or malabsorption,
IV vitamin C achieves supraphysiological plasma concentrations
(up to 25 mM vs. 70 uM with oral dosing). (86) It bypasses
gastrointestinal absorption limits and is used in chronic pain
syndromes, cancer support, and sepsis. (88) However, it requires
medical supervision due to risks of oxalate nephropathy at high
doses. (87)

Natural vs. Synthetic Vitamin C

Natural sources (e.g., acerola cherry, camu camu) and synthetic
ascorbic acid are chemically identical, with no significant
difference in bioavailability or therapeutic efficacy. (89) Natural
sources often include flavonoids (e.g., quercetin), which may
enhance antioxidant synergy. (9)

8. SAFETY CONSIDERATIONS

Upper Limit: 2000 mg/day for most adults to avoid

gastrointestinal side effects.

Contraindications: Hemochromatosis: Vitamin C enhances iron
absorption, risking iron overload (87) ; Kidney disease: High doses
may increase oxalate stone risk (90).

Clinical Evidence Summary : collagen Synthesis: All forms are
equally effective when plasma levels are saturated (=200
mg/day) (90) ; antioxidant/Immune Support: Liposomal or IV
vitamin C may offer superior ROS quenching in high oxidative
stress (e.g., post-surgery, chronic inflammation) (91); chronic
Pain: Trials favour liposomal or IV forms for reducing myalgia and
joint pain (72).

9. CONCLUSION

Vitamin C deficiency, historically synonymous with scurvy,
remains a clinically relevant yet underrecognized contributor to
musculoskeletal pain in modern practice. This review elucidates
the biochemical and clinical pathways through which suboptimal
vitamin C levels impair collagen synthesis, exacerbate oxidative
stress, and perpetuate inflammatory cascades, culminating in
joint, bone, and muscle dysfunction. Clinically, deficiency
manifests as nonspecific arthralgia, myalgia, osteopenia, and

delayed recovery, often mimicking rheumatologic or
degenerative disorders. High-risk populations, including
smokers, the elderly, bariatric surgery patients, and

socioeconomically disadvantaged groups, are disproportionately
affected due to increased metabolic demands, malabsorption, or
inadequate dietary intake. Despite the growing recognition of
vitamin C's role in musculoskeletal health, significant research
gaps remain. Evidence is still limited regarding the optimal
supplementation dose for specific subgroups, such as the elderly
or those recovering from surgery, which is crucial for tailoring
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effective treatment protocols. Addressing these gaps through
further research will enhance our understanding and
management of vitamin C deficiency in clinical practice.
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