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Abstract
Rheumatoid arthritis (RA) is a long-term autoimmune disease in which the immune system mistakenly attacks the joint linings. 
The exact cause of RA is still not evident. However, a combination of environmental and genetic factors is considered to contribute 
to RA. Smoking is an established environmental condition/ risk that exacerbates the disease activity and severity, including faster 
joint damage, increased lung and other systemic complications, and decreased efficacy of medication used by RA patients. There 
are a number of factors that synergistically affect the health of smokers, RA patients, or smoking RA patients. Vitamin D (VitD) 
is one of the main factors involved in smoking and RA. Regarding synergistic influences and interactions, assessing inflammatory 
biomarker levels (e.g., high-sensitivity C-reactive protein [hs-CRP]) indicates that the inflammatory influence of VitD deficiency 
is significantly amplified and stronger in smokers than in non-smokers. Furthermore, smoking, a known environmental factor 
in interaction with the genetic factors, causes a synergistic risk of severe RA. Although both smoking and VitD are established 
risk factors for RA, the intricate details about how they influence independently are not clearly known. (International Journal of 
Biomedicine. 2026;16(3):314-319.)
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Abbreviations
Anti-CCP, anti-cyclic citrullinated peptide; CRP, C-reactive protein; CVDs, cardiovascular diseases; DAS28, disease Activity
Score 28; DMARDs, disease-modifying antirheumatic drugs; ESR, erythrocyte sedimentation rate; hs-CRP, high-sensitivity
C-reactive protein; MS, multiple sclerosis; 25(OH)D, 25-hydroxyvitamin D or vitamin D; PMP-RA, postmenopausal rheumatoid
arthritis patients; PTH, parathyroid hormone; RA, rheumatoid arthritis; RF, rheumatoid factor; Th1, T lymphocyte helper 1; Th7,
T lymphocyte helper 7; VitD, vitamin D; VDR, vitamin D receptor.

Introduction
Rheumatoid arthritis (RA) is a long-term autoimmune 

disease in which the immune system mistakenly attacks 
the joint linings.1 Joints are primarily affected, presenting 
with swelling, stiffness, pain, and bone erosion. The wrist 
and hands are most commonly involved. Stiffness and pain 
often worsen after rest. Joints of both hands or both knees 
are affected symmetrically, and discomfort can spread to the 
lungs, heart, eyes, skin, blood, and nerves, leading to a range 
of complications.2-4 The patients with RA may have a fever. 

Symptoms may take weeks to months to appear gradually. 
1,5 The exact cause of RA is still not evident. However, a 
combination of environmental and genetic factors is considered 
to contribute to RA.6 A comprehensive account of the cellular 
and molecular mechanisms, as well as effective therapies, for 
RA has been reviewed.7

Smoking is an established environmental condition/ risk 
that exacerbates the disease activity and severity, including 
faster joint damage, increased lung and other systemic 
complications, and decreased efficacy of medication used 
by RA patients8. Smoking can trigger the immune system in 
individuals with specific genes, leading to the production of 
antibodies such as anti-CCP (anti-cyclic citrullinated peptide) 
and RF (rheumatoid factor).8,9

There are a number of factors that synergistically affect 

*Corresponding author: Abdulsalam A. Noorwali, MD. Department 
of Internal Medicine, Faculty of Medicine, Umm Al-Qura University, 
Makkah 21955, Saudi Arabia. E-mail: aanoorwali@uqu.edu.sa

mailto:aanoorwali@uqu.edu.sa


315A. A. Noorwali / International Journal of Biomedicine 16(3) (2026) 314-319

the health of smokers, RA patients, or smoking RA patients. 
However, Vitamin D (VitD) or serum 25-hydroxyvitamin D 
[25(OH)D] is one of the main factors involved in smoking, 
RA, or smoking RA.10 VitD levels in active smokers are 
significantly lower compared to those of non-smoking 
individuals.11 The cumulative effect of VitD deficiency and 
smoking on systemic inflammation is more severe in smoking 
RA patients than in non-smoking RA patients, which makes 
it more difficult to manage.12 Similarly, VitD and smoking 
synergistically influence disease activity, severity, and 
exacerbation of symptoms in RA patients.13-16 To have insight 
into the independent effect of smoking on RA, the effect of 
VitD on smoking, and VitD on RA, as well as the cumulative 
or synergistic effect of smoking and VitD on RA, the present 
review was planned to be carried out. 

Vitamin D in Healthy Individuals and Smokers

For general health, 600-800 international units (IUs) 
daily dosages of VitD are recommended generally, whereas 
deficiency conditions require 1000-2000 IUs daily, and severe 
deficiency conditions require 50,000 IUs weekly dosages. 
Deficiency levels <20 ng/mL (<50 nmol/L) indicate poor bone 
health (severe deficiency < 10 ng/mL may cause osteomalacia 
in adults and rickets in children). Sufficient levels>30 ng/
mL (>75 nmol/L) are required for bone/ overall health. The 
insufficient levels of 20–30 ng/mL (52-72 nmol/L) or the sub-
optimal levels require the administration/ supplementation of 
VitD to sufficient levels (> 30 ng/mL). VitD levels of above 
150 ng/mL (375 nmol/L) cause toxicity and hypercalcemia. 
17-19

Main factors influencing the serum VitD levels are the 
extent of exposure to sun, age (older people have higher risk 
of VitD deficiency), skin pigmentation (less VitD production 

by darker skin via sun exposure), and malabsorption 
disorders.20,21 Table-1 shows the VitD levels, status and 
cinical implications, explaining the outcomes in the statuses 
of sufficient or desirable, optimal, insufficient, and deficient 
levels and toxicity.

It is usually overlooked, but smoking is one of the main 
causes of the VitD deficiency.11 Low VitD levels and VitD 
deficiency have been noted to increase impairment of the 
body’s defense/immune system, especially lung damage.4,22 

Success in smoking cessation/quitting was obtained more in 
patients with high VitD levels.23 It was found that there is a 
direct association of a decrease in VitD level with the number 
of cigarettes smoked as well as the duration of smoking habit.24

Deficient levels of VitD, causing increased levels of 
oxidative stress due to smoking, can increase the pulmonary 
conditions and the risks of having cancer, and its higher 
and beneficial levels are immunomodulatory and anti-
inflammatory.4 In smokers with sufficient VitD levels, lung 
function decreases more slowly over time than in those with 
insufficient VitD levels.22 

VitD deficiency in second-hand or passive smoking 
occurs independently in adults and young children.25,26 Both 
active and passive smokers may have a high risk of VitD 
deficiency, which can disrupt the VitD metabolism since 
exposure to smoking interferes with the process of VitD 
synthesis in the body.11,26,27

Smoking can alter the gene expression and VitD receptor 
(VDR) genes. It downregulates VitD receptors in the lungs, 
leading to a decline in circulating VitD.28,29 VitD is necessary 
for calcium uptake. VitD-parathyroid hormone (PTH) axis 
and calcium absorption in the intestine are disrupted, leading 
to bone-related complications, e.g., osteoporosis, and bone 
loss due to cigarette smoking. Such effects occur due to the 

Table 1.
Vitamin D levels, status, and clinical implications

Status VitD serum levels Risks/clinical implications/outcomes
Sufficient/ 
Desirable

≥ 30 ng/mL 
(≥75 nmol/L)

Reduction in the fall/fractures, sufficient for normal bone health and immune functions. Minimizes 
parathyroid hormone (PTH), increases calcium absorption and neuromuscular performance/activities.

Optimal 30-50 ng/mL 
(75-125 nmol/L)

Although 30 ng/mL is sufficient, 30-60 ng/mL is considered safe for general health. The levels of higher 
than 40 ng/mL improve immunity and reduce the risk of cardiovascular diseases (CVDs), multiple 
sclerosis (MS), and certain types of cancers.

Insufficient 21-29 ng/mL 
(50-75 nmol/L)

Insufficient or suboptimal levels associated with decreased calcium absorption may lead to lower bone 
density and secondary hyperparathyroidism.

Deficient < 20 ng/mL 
(< 50 nmol/L)

Severe deficiency could be the risk for osteomalacia and rickets, respectively, in adults and children. 
Risks of falls/fractures, bone loss, weakness of proximal muscles, and chronic pain occur.

Toxicity >100 ng/mL 
(>250 nmol/L) Hypercalcemia, kidney damage, and related disorders occur.

Table 2.
Influence of smoking on VitD levels

Findings Descriptions Study Sources
Dose dependance Vitamin D correlates inversely with the number of cigarettes smoked/ day 11,24
Decreased VitD levels Smokers present lower VitD levels than non-smokers. 11
Increased risk of VitD deficiency Daily smoking is associated with high vitamin D deficiency. 11,24
Cessation/ quitting  smoking High vitD levels are associated with high success rates for cessation/ quitting smoking. 23
Mechanisms Smoking influences calcium levels, increases bone loss, and change gene expression 11,30
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combined effect of nicotine and low levels of VitD.30

Smoking influences the sensitive association between 
VitD and parathyroid hormone and increases the bone mineral 
density, leading to the risk of osteoporosis.30 

Thousands of toxic components of smoke can influence 
the endocrine system.11,26 Liver and kidneys are involved in 
converting VitD to the usable active form. Smoking toxins 
change the expression of required enzymes and break the VitD 
before it can be used in the body.11,26,27 Furthermore, cigarette 
smoking exacerbates chronic rhinosinusitis.31

Table 2 presents the influence of smoking on VitD levels, 
including dose dependence, decreased VitD levels, increased 
risk of VitD deficiency, cessation/ quitting of smoking, and the 
mechanisms whereby smoking influences VitD levels.

Vitamin D in Rheumatoid Arthritis

Vitamin D, or serum 25-hydroxyvitamin D [25(OH)
D] (VitD), is considered a useful biomarker for assessing 
disease activity in patients with RA.32,33 Appropriate doses of 
VitD improve Disease Activity Score 28 (DAS28), C-reactive 
protein (CRP) levels, and visual analog scale (VAS) for 
subjectively rating pain or global health, from “no pain” to 
“worst pain,” in RA.34,35 VitD has been shown to be significantly 
lower in RA compared to healthy controls.36 Adequate levels 
of VitD are important for maintaining adequate bone density 
in RA patients with elevated chronic inflammation and 
osteoporosis.37

Strong bones are built if the required level of VitD is 
present to absorb calcium. Patients with RA experience altered 
bone turnover and mineralization. Hence, the patients with RA 
are supplemented with the necessary VitD to prevent bone loss 
and weakness.38

Important representative information of VitD levels in 
patients with RA is presented in Table 3. Lower serum vitamin 
D (VitD) levels are commonly observed in patients with RA, 

though a large proportion of patients show VitD deficiency 
due to increased disease activity and elevated inflammation/
pain.39,40

VitD deficiency in 22.3% RA patients (<20 ng/mL) and 
insufficiency in 42.7 % (20-29 ng/mL) was investigated in 
Saudi patients.41  Another study revealed that RA with high 
disease activity showed the lowest VitD levels (18.25±8.3 
nmol/L), moderate activity (VitD: 35.13±15.2 nmol/L), and 
low disease activity (VitD: 38.05±7.3 nmol/L).42 Rossini et 
al.43 found VitD deficiency in 29% (42/145) postmenopausal 
RA (PMP-RA) patients. A meta-analysis study presented 
lower levels of VitD (mean difference: 16.52 nmol/L) in RA.44  

Table 3 describes the VitD levels in patients with rheumatoid 
arthritis.

Several other authors have suggested their views and 
research output on the impact of VitD in patients with RA.10,45-

48 The safe upper intake limit for correcting VitD deficiency 
is generally 1000-4000 IU per day, and higher doses (e.g., 
50,000 IU weekly) are used to monitor RA, whereas the 
recommended dosage is 1000-2000 IU of VitD, though this 
depends on specific cases.46,48  VitD Supplementation with 
disease-modifying antirheumatic drugs (DMARDs) reduces 
erythrocyte sedimentation rate and other inflammatory 
biomarkers. The prevalence of VitD deficiency in RA patients 
ranges from 30% to 63%.45

VitD decreases the proliferation activity of inflammation-
related Th1 (T lymphocyte helper 1) and Th7 (T lymphocyte 
helper 7) cells and increases the regulatory T cells to manage 
autoimmune joint damage.46 As concerns disease activity, 
decreased vitamin D levels are inversely associated with 
higher DAS28 (Disease Activity Score 28) and, hence, lower 
levels of VitD are correlated with more joint swelling and 
worse symptoms.10

Some of the important findings includes, a) the role 
of VitD in RA correlating inversely to the level or scores 

Table 3.
Vitamin D levels in patients with rheumatoid arthritis

Study Subjects Important findings
39 RA & healthy controls VitD deficiency in 84% of RA patients compared with 34% of control subjects.
41 Saudi RA patients VitD deficiency in 22.3% of RA (<20 ng/mL) and insufficiency in 42.7% (20-29 ng/mL).

42 RA & healthy controls RA with high disease activity showed the lowest VitD levels (18.25±8.3 nmol/L), VitD levels in RA with 
moderate (35.13±15.2 nmol/L) and low (38.05±7.3 nmol/L) disease activity.

43 PMP-RA VitD deficiency in 29% (42/145) of RA patients.
44 Meta-analysis Lower levels of VitD (mean difference: 16.52 nmol/L) in RA

PMP-RA: postmenopausal patients with rheumatoid arthritis

Table 4.
Independent and synergistic effects of VitD and smoking in patients with rheumatoid arthritis.

Factors Independent and synergistic effects in RA Clinical consequences

VitD deficiency High prevalence of RA High disease activity, low functional capability, heightened level 
of pain

Smoking Higher risk factor Lower efficacy of medication, heightened level of susceptibility, 
and worsening of the symptoms of RA.

VitD supplementation Efficacious Decrease in disease activity and pain, especially in the starting 
phase of RA.

VitD deficiency+smoking Synergistic effects Decreasing trend for VitD and rising trend in inflammation.
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of disease activity and to some of the known inflammatory 
biomarkers e.g., C-reactive protein (CRP) and erythrocyte 
sedimentation rate (ESR),49 b): the prevalence studies showing 
deficiency of VitD (less than 30 ng/ml)  in 84% of the RA 
patients whereas 34 % in control subjects,39 though the mean 
VitD levels documented in RA are usually lower (21.05±10.02 
and 18.09± 8.99 ng/ml),39 c): the supplementation of 50,000 
IU of VitD3 was found affective for decreasing fatigue, pain 
and the disease activity in patients with RA,49 and d): the 
immunomodulatory effect of VitD for differentiation of T-cells 
and production of cytokines manifests the beneficial effect of 
VitD for autoimmune disorders.36

VitD acts as an immunomodulator, helping reduce 
systemic inflammation, joint stiffness, and the severity of RA 
symptoms.48 Furthermore, VitD is involved in promoting the 
differentiation process for regulatory T-cells, which does not 
allow the immune system to attack the joints mistakenly.50

The Birmingham early inflammatory cohort did not 
find a clear correlation between VitD and RA diagnosis/
progression, and no significant decrease in pain or fatigue 
was observed.10 Another study34 documented a strong negative 
association between high levels of hypovitaminosis and RA 
disease activity in their clinical trial and found that VitD 
supplements significantly improved DAS28 scores.

Vitamin D, Smoking, and Rheumatoid Arthritis

The impact and availability of VitD are changed 
significantly by smoking in RA patients, and deficiency of 
VitD in such conditions leads to inflammatory risks and disease 
severity.51,52 Remission becomes quite low when, besides low 
VitD, the RA patient is a smoker.10 It is known that smoking 
and RA both disturb bone metabolism, e.g., a high risk of 
osteoporosis. Smoking itself disrupts the VitD regulation and 
parathyroid actions, and more severe dysregulations occur 
in patients with RA.52 The synergistic effect of VitD and 
smoking occurs. The association between VitD and high CRP 
(C-reactive protein) levels is significantly stronger in smoking 
RA patients.12

As presented in Table 4, there are independent effects 
of VitD as well as smoking in patients with RA. However, 
interlinked and synergistic effects of VitD and smoking lead 
to worsening of the disease activity/ outcomes as smoking is 
an important environmental factor that triggers the RA disease 
activity, and the deficiency of VitD causes increased disease 
activity/ severity, amplified inflammation, and bone fractures, 
disruption of bone metabolism, and decreased calcium 
absorption.10,13,39,46, 51, 53

Conclusion
Quitting smoking is a lifestyle intervention that is 

highly helpful, especially for someone with RA. It leads 
to improved bodily functions, reduced active symptoms, 
and greater treatment efficacy.8 It is necessary to consult 
healthcare personnel for people who smoke to have their 
VitD level checked. The relevant consultant can determine the 
supplementation dose, taking into account respiratory risks 

and associated conditions.22,23,26  It is essential to achieve the 
required level of VitD in patients with rheumatoid arthritis. The 
rheumatologist routinely recommends the VitD test. If VitD 
deficiency is confirmed, sunlight exposure, important dietary 
sources (e.g., fish [salmon, tuna, etc.], fortified foods, egg 
yolks), and supplementation with VitD are recommended.33

Correcting the VitD deficiency to >30 ng/mL helps 
decrease the DAS28 (Disease Activity Score) and improve 
the health of RA patients.41 The condition of the patients with 
RA is assessed by the DAS28 clinical index, which measures 
the activity of RA by checking 28 important joints for their 
tenderness as well as swelling.54

Regarding synergistic influences and interactions, 
assessing inflammatory biomarker levels (e.g., high-sensitivity 
C-reactive protein [hs-CRP]) indicates that the inflammatory 
influence of VitD deficiency is significantly amplified and 
stronger in smokers than in non-smokers. Furthermore, 
smoking is a known environmental factor in interaction 
with genetic factors, causing a synergistic risk of severe 
RA. Although both smoking and VitD are established risk 
factors for RA, the intricate details about how they influence 
independently require further studies. 
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