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Purpose: The routine examination of vitamin D levels is carried out by checking serum 25 
(OH)D levels, while serum 1.25(OH)D levels are less frequently utilized. The proposition 
that testing for salivary vitamin D can show a correlation with serum levels in healthy people 
is questionable, especially with low vitamin D intake. This study aimed to find the correla-
tion between vitamin D levels, which were assessed as 25(OH)D and 1.25(OH)D in saliva, 
and serum 25(OH)D and 1.25(OH)D levels in people with low vitamin D intake.
Patients and Methods: This study is a cross-sectional study involving healthy men and 
women, aged 18–60 years, carried out from August to November, 2020, in North Sumatra 
Province, Indonesia. The parameters studied were the 25(OH)D and 1.25(OH)D levels in 
saliva and serum, and vitamin D intake. The statistical analysis used was the Spearman 
correlation test, performed to determine the correlation between each parameter.
Results: This study involved 56 study subjects, who were rural adults (male or female) with 
a 78.6% deficiency in 25(OH)D found by examining saliva, and a 76.8% deficiency found by 
examining the serum. All of the subjects were categorized as having low vitamin D intake 
(less than 15 micrograms per day). The analysis showed a moderate correlation between 
levels of saliva 25(OH)D and serum 25(OH)D (p = 0.424), and a weak correlation between 
levels of saliva 1.25(OH)D and serum 25(OH)D (p = 0.339).
Conclusion: In people with low vitamin D intake, there was a moderate correlation between 
serum 25(OH)D and saliva, but a weak correlation was found in the 1.25(OH)D assay. The 
use of saliva 25(OH)D levels to detect 25(OH)D in the circulation is a possible non-invasive 
alternative to serum testing.
Keywords: cross-sectional study, deficiency, food sources, non-invasive, rural, vitamin D

Introduction
Vitamin D deficiency occurs in various parts of the world, including in the tropics, 
and it occurs in both healthy and sick people.1,2 Vitamin D deficiency is often found 
in people with a low intake of food sources of vitamin D.3,4 Vitamin D is found at 
higher levels in fish oil and sun exposure, but not all people can consume fish oil 
easily, or are exposed to sunlight, considering lifestyle factors.5,6 The difficulty 
involved in getting fish oil or vitamin D supplements is a challenge in preventing 
vitamin D deficiency.5,7,8

The examination of serum 25(OH)D levels is necessary for determining the 
level of vitamin D in circulation and in its active form, namely, serum 1.25(OH)D.9 

However, this examination often causes discomfort in the patient, so an easier 
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examination is needed that does not cause pain. Saliva 
contains various types of biological compounds, including 
vitamins and enzymes, so it is hoped that saliva can 
become a biological specimen that describes health 
status.10,11 Saliva screening is considered a non-invasive 
test, and little encouragement and direction is required to 
produce a suitable specimen.10 Several of the vitamins and 
enzymes that describe health status and that are contained 
in saliva include vitamin D, vitamin A, vitamin C, vitamin 
B6, vitamin B12, and enzymes that describe oxidative 
stress, such as malondialdehyde, amylase and 
proteomes.10,12–14

This examination of vitamin D is necessary due to the 
role of vitamin D, which can increase body immunity 
through its role as an endocrine.15–18 It also acts as an anti- 
inflammatory and has a regulatory effect on the immune 
system. The effects of vitamin D therapy can be felt in 
various metabolic diseases, and in cancer.18,19 The exam-
ination of vitamin D levels in the form of 25(OH)D and 
1.25(OH)D in saliva has not been used often for diagnostic 
purposes, because these levels may not show the actual 
levels in the body, or reflect specific conditions such as 
low vitamin D level or chronic diseases.11,20

Saliva examination is more applicable in hormonal, 
immunological, and infection tests, but it is rarely 
used.11,21,22 In addition, saliva examination may reveal 
many other contamination factors, so its use in diagnostic 
tests is often neglected.22 However, if done according to 
the correct procedure, the risk of contamination can be 
removed, but whether there is a correlation between saliva 
and serum vitamin D levels in adults with low vitamin 
D intake remains questionable. Adults in rural areas offer 
an example of homogeneity in food intake, compared to 
those in urban areas with heterogeneity in their food 
intake.

Previous studies have shown a correlation between 
saliva and serum; however, these studies only examined 
the correlation between serum 25(OH)D levels and the 
saliva levels in healthy controls. The studies did not exam-
ine serum 1.25(OH)D levels, which represent the active 
form of vitamin D.11 Research on vitamin D, especially on 
those with vitamin D deficiency due to insufficient intake 
of food sources of vitamin D, has not been reported. 
Moreover, vitamin D deficiency, or subclinical symptoms, 
are likely to be important etiological factors in the patho-
genesis of many chronic disease, but this deficiency con-
dition is often ignored.23

Based on the results of the above research, we con-
ducted a study on the correlation between levels of 25 
(OH)D and 1.25(OH)D in the saliva and serum. The goal 
was to find the correlation between these two parameters 
in rural adults with low vitamin D intake; besides this, 
another intention was to find an alternative to serum test-
ing, which is invasive and causes discomfort to the patient. 
It is hoped that with the findings of this research, saliva 
examination could replace serum testing.

Patients and Methods
Participants
This study was conducted according to the guidelines laid 
down in the Declaration of Helsinki, and all procedures 
involving research study participants were approved by 
Clinical Trials.gov (number: NCT04655664; date of docu-
ment: November 18th, 2020). This research was also 
approved by the Universitas Sumatera Utara Ethical 
Committee, No. 63/KEP/USU/2020. All participants 
knowingly consented to participate in this study. The sub-
jects of this study gave signed informed consent prior to 
being included. Written and verbal informed consent was 
obtained from all subjects. Verbal consent was witnessed 
and formally recorded in a statement sheet after explana-
tion. During the study, no therapy or intervention was 
carried out, and the research subjects were not charged 
any fees for the laboratory examination.

This study was conducted in Batubara District, 
Simalungun Regency, North Sumatra, Sumatra Island, 
Indonesia, from August to November 2020. During the 
data collection period, strict health protocols were also 
observed because of the COVID-19 pandemic. This area 
is about 153 kilometers from the city center of Medan 
City, near rubber and oil palm plantations, and the hope 
was that the research subjects would be healthier because 
of their high activity levels. Adults in rural areas have 
homogeneity in their food intake compared to those in 
cities, whose intakes are more heterogeneous, so food 
intake in rural areas can offer a more detailed representa-
tion of vitamin D intake.

This study included 56 study subjects. The inclusion 
criteria were men and women aged 18–60 years, not 
currently experiencing chronic pain, kidney problems, 
liver problems or other hormone disorders. The exclusion 
criteria were study subjects who consumed vitamin 
D supplements regularly, or were pregnant or 
breastfeeding.
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Nutrient Intake Assessment
The assessment of food intake was carried out using inter-
view techniques. The questions in the nutritional intake 
interview related to the diversity of food consumed, the 
quantity consumed, and the choice of food to be con-
sumed, using a 24-hour food recall approach for two 
days. The questions included concerned such issues as 
time of eating, type of food, types of basic food ingredi-
ents, and the quantity of food ingredients in the household 
consumed by the subject at one time. Calculations were 
conducted using the Nutrisurvey application (2005), which 
included Indonesian foods.24

The assessment of nutrient intake was based on food 
recall over two days (one weekday and one weekend day), 
including energy, protein intake, fat intake, carbohydrate 
intake, and percentage of fulfilment, according to the 
Indonesian recommended dietary allowances (RDA), 
2019.

The following categorizations were determined: for 
calorie intake, <2500 calories per day was low and 
≥2500 calories per day was normal; for protein intake, 
<60 g per day was low and ≥60 g per day was normal; 
for carbohydrate intake, <400 g per day was low and ≥400 
g per day was normal; for fat intake, <65 g per day was 
low and ≥65 gr per day was normal; for fiber intake, <25 
g per day was low and ≥25 g per day was normal.25

Laboratory Analysis
The tests carried out examined 25(OH)D and 1.25(OH)D 
levels in serum and saliva, in relation to demographic data 
and other anthropometries. The examination was carried 
out by taking 5 mL of blood and 2 mL of saliva, and then 
checking the serum and saliva levels of 25(OH)D and 1.25 
(OH)D.

In the collection of serum, after blood was drawn by 
taking 2 mL of blood into a clean and dry tube without 
coagulant, let it stand for 15 minutes. Centrifugation is 
carried out at 3000 rpm for 10 minutes and the specimen is 
immediately stored at –20 oC for further determination of 
the levels of serum 25(OH)D and 1.25(OH). The transport 
time to the laboratory is two hours along with saliva 
specimen.

The collection of saliva was carried out in the morning 
(09.00–11.00 AM) using the spitting method, and was 
unstimulated. The research subjects were asked not to con-
sume food or drink for at least 90 minutes before being 
examined. This method includes several stages: The subject 

is asked not to eat or drink for approximately one hour 
before saliva is taken. The subject is asked to sit comfor-
tably for five minutes, then clean their mouth with a distilled 
water solution. Then, the subject is asked to swallow the 
saliva in their oral cavity so measuring can commence. 
After that, their head is lowered and moved as little as 
possible (talking is restricted). The subject is not allowed 
to swallow their saliva during the measurement process. 
The subject is asked to collect saliva in their oral cavity 
with lips closed and eyes open for one minute, then spit it 
into a container. The collection is undertaken over five 
minutes, and then the data are entered into the data table. 
Centrifugation is carried out (2500 rpm for 10 minutes), and 
the specimen is immediately stored at –20 oC. The transport 
time to the laboratory is two hours.

The serum and salivary 25(OH)D levels are defined as 
deficient if below 10 ng/mL, insufficient if between 11 and 
20 ng/mL, and optimal if ≥20 ng/mL. The 1.25(OH)D 
serum and saliva levels are deemed deficient if ≤48 
pmol/L and normal if >48 pmol/L.26,27 The examination 
of 25(OH)D and 1.25(OH)D serum and saliva levels was 
carried out using the Bio-Rad Enzyme-Linked 
Immunosorbent Assay (ELISA) technology tool, 
California, United States of America, with the ELISA 
kit, Brand Bioassay, Bioassay Technology Laboratory, 
Shanghai, China.

Sample Size and Power Calculation
The study sample sizes were chosen with the aim of 
demonstrating a correlation between 1.25(OH)D saliva 
and 1.25(OH)D serum levels, and the correlation between 
25(OH)D saliva and 25(OH)D serum levels. To determine 
the minimum sample size in the two-tailed hypothesis test, 
this study had a significance level of 0.05 (α-value) and 
80% power (β-value). This study calculates both hypoth-
eses and takes the largest sample size.

Statistical Analysis
Descriptive statistics for continuous variables were sum-
marized as means ± standard deviations (SD), and the 
categorical variables were summarized by proportions. 
Statistical analysis was performed by presenting the data 
in the form of standard deviations if the data were nor-
mally distributed, but if the data were not normally dis-
tributed, then they were presented in the form of 
minimum, maximum and median. The normally distribu-
ted data included levels of 25(OH)D and 1.25(OH)D in 
saliva, body mass index and abdominal circumference, 
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while the data that were not normally distributed included 
age, and 25(OH)D and 1.25(OH)D serum levels.

The data were not normally distributed, so the 
Spearman correlation test was used. A weak correlation 
was determined as 0.2 to <0.4, a moderate correlation was 
0.4 to <0.6, and a strong correlation was 0.6 to <0.8.

Results
Based on the demographic data, in the research location, 
there are more people in their mid-30s to 40s, and women 
are more likely to work as housewives, while men are the 
most likely to be self-employed as entrepreneurs (Table 1). 
In rural areas, the majority of the population are usually 
categorized as farmers, but this study shows that most of 
them are entrepreneurs. This work is likely to facilitate 
a sedentary lifestyle and limited sun exposure. These jobs 

are presumably taken because they provide a better income 
than those of farmers, who are very affected by the cli-
mate. This is similar to the lifestyles of housewives who 
spend most of their time performing activities inside the 
house, which results in less exposure to sunlight as 
a source of vitamin D. Education related to knowledge 
about the importance of vitamin D is assessed via the 
education level of the research subject, whereby the high-
est percentage were seniors in high school.

Based on the anthropometric examination, most of the 
study subjects were categorized as obese; however, based on 
the criteria for abdominal circumference, a greater percen-
tage of women exhibited central obesity (Table 2). Table 3 
shows that the research subjects had a very low intake of 
energy, carbohydrates and vitamin D; however, from the 
whole nutritional intake, macro- and micronutrient deficien-
cies can be seen. Vitamin D can be produced by the body 
with the help of sun exposure, and it can also be obtained 
from food and supplements. People who live in rural areas 
have difficulty obtaining food sources of vitamin D, which 
can be seen from the nutritional data survey that shows a low 
intake of food sources of vitamin D. When a person rarely 
eats these foods or is not exposed to sunlight, they are at risk 
of developing a vitamin D deficiency.

Table 4 shows that the percentage of deficiency was 
78.6% when testing with salivary 25(OH)D, and 76.8% 

Table 1 Demographic Characteristics of the Subjects

Variables Mean n (%)

Age (years) 41.32 ± 10.68

Minimum: 18

Maximum: 58
Median: 42

Age classification
18–25 years 7 (12.5)

26–35 years 6 (10.7)

36–45 years 19 (33.9)
46–60 years 24 (42.9)

Genders
Male 23 (41.1)

Female 33 (58.9)

Ethnic

Bataknese 26 (46.4)

Malay 30 (53.6)

Occupation

Housewife 21 (37.5)
Entrepreneur 14 (25)

State civil apparatus 9 (16)

Farmer 8 (14.3)
Student 4 (7.2)

Education
Strata 1 9 (16.1)

Diploma 2 (3.6)

Senior High School 33 (58.9)
Junior High School 8 (14.3)

Primary School 4 (7.1)

Notes: Data of age: not normal distribution. Numeric data were presented in mean 
and standard deviation (SD). Categorical data were presented in number of the 
subject and percentage.

Table 2 Anthropometry Parameters of the Subjects

Variable Mean±SD n (%)

Body Mass Index (BMI) (kg/m2) 26.71±11.76

Minimum: 16.69
Maximum: 88.95

Median: 24.62

BMI classification:

<18 kg/m2 3 (5.4)

18–22.9 kg/m2 17 (30.4)
23–24.9 kg/m2 11 (19.6)

>25 kg/m2 25 (44.6)

Waist circumference measurement 

and classification:

Men (cm): 83.57±11.07
<90 cm 16 (69.6)

>90 cm 7 (30.4)

Women (cm): 82.36±12.14
<80 cm 13 (39.4)

>80 cm 20 (60.6)

Notes: Data of BMI: not normal distribution. Numeric data were presented in 
mean and standard deviation (SD). Categorical data were presented in number of 
the subject and percentage.
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when testing with serum 25(OH)D. As for the 1.25(OH)D 
examination in saliva and serum, 100% of the study sub-
jects were within the normal limits. The results of the 
study, shown in Table 5, suggest a moderate correlation 
between 25(OH)D saliva levels and 25(OH)D serum levels 
(p = 0.424), and a weak correlation between 1.25(OH)D 
saliva levels and 25(OH)D serum levels (p = 0.339), 
determined using the Spearman test.

The scatter-plot graph outputs from Figures 1 and 2 
show that the data plot points form a straight line pattern 
from the bottom left up to the top right. It can be con-
cluded that there is a linear and positive relationship 
between levels of 25(OH)D in saliva and serum 25(OH) 
D levels. This positive relationship means that if the sali-
vary 25(OH)D level increases, so will the serum level. 
Likewise, the levels of 1.25(OH)D in saliva and serum 
showed a positive relationship.

Discussion
This study shows that vitamin D deficiencies occur in 
groups of healthy research subjects, although they do not 
tend to be accompanied by diseases caused by vitamin 
D deficiency.1,3 Vitamin D deficiency symptoms often go 
unnoticed. In fact, if left untreated, this condition can 
increase the risk of certain diseases, ranging from bone 
disorders to infections.3,6,23,28–30 Vitamin D can be pro-
duced by the body with the help of sun exposure, and can 
also be obtained from foods, such as fish, fish oil, beef 
liver, cheese, eggs, mushrooms, and fortified milk with 
vitamin D.31–34 However, a lack of vitamin D intake may 
affect vitamin D levels. This study reported that most of 
the study subjects did not consume adequate amounts of 

Table 3 Characteristic Data of the Subjects Based on Food 
Intake

Characteristics of Food Intake Mean±SD n (%)

Energy intake (calorie/day) 1105.32±577.77

Categorized, n (%):

Less than 2500 calorie/day 56(100)
More than 2500 calorie/day –

Fat intake (gram/day) 39.21±25.56
Categorized, n (%):

Less than 65 gram/day 39(69.5)
More than 65 gram/day 17(30.5)

Protein intake (gram/day) 44.91±18.48
Categorized, n (%):

Less than 60 gram/day 45(80.3)

More than 60 gram/day 11(19.7)

Carbohydrate intake (gram/day) 39.21±25.56

Categorized, n (%):
Less than 400 gram/day 56(100)

More than 400 gram/day –

Vitamin D intake (microgram/day) 3.59±1.79

Categorized, n (%):

Less than 15 microgram/day 56(100)
More than 15 microgram/day –

Notes: Numeric data were presented in mean and standard deviation (SD). 
Categorical data were presented in number of the subject and percentage.

Table 4 Vitamin D Saliva and Serum Level

Variable Saliva Serum p

25(OH)D level (ng/mL) 16.54±5.01 15.07±15.34 0.02*

Minimum: 2.05 Minimum: 2.32

Maximum: 25.1 Maximum: 80.1

Median: 17.45 Median: 8.7

25(OH)D categorized [n (%)]:

≤10 ng/mL (Deficiency) 6 (10.7) 30 (53.6) 0.001*

11–20 ng/mL (Insuficiency) 38 (67.9) 13 (23.2)

≥20 ng/mL (Optimal) 12 (21.4) 13 (23.2)

1.25(OH)D level (pmol/L) 201.15±50.58 268.31±219.26 0.98

Minimum: 52.7 Minimum: 51.7

Maximum: 285 Maximum: 884.2

Median: 221.5 Median: 182

1.25(OH)D categorized [n (%)]:

≤48 pmol/L (Deficiency) 0 (0) 0 (0) –

>48 pmol/L (Normal) 56 (100) 56 (100)

Notes: Analysis comparing 25(OH)D and 1.25(OH)D serum-saliva level: Mann- 
Whitney Test. Analysis comparing 25(OH)D and 1.25(OH)D serum-saliva categor-
ized: Chi-Square. *Significant: p<0.005. Numeric data were presented in mean and 
standard deviation (SD). Categorical data were presented in number of the subject 
and percentage.

Table 5 Correlation Between Vitamin D Saliva and Serum Level

Variable 25(OH)D Level 
(ng/mL) in Serum

1.25(OH)D Level 
(pmol/L) in Serum

25(OH)D level 

(ng/mL) in saliva

r = 0.424  

(positive-moderate)

p = 0.001*

n = 56

1.25(OH)D 

(pmol/L) in saliva

r=0.339  

(positive-weak)

p = 0.01*

n = 56

Notes: Analysis for correlation was using Spearman test (not normal distribution). 
*Significant: p<0.005.
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Figure 1 Scatter-plot showed correlation between 25(OH)D saliva and serum.

Figure 2 Scatter-plot showed correlation between 1.25(OH)D saliva and serum.
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food sources of vitamin D. The low intake of vitamin 
D caused most of the study subjects to experience vitamin 
D deficiency and/or insufficiency.

However, a low intake of vitamin D is not the main 
cause of vitamin D deficiency, as there are several other 
factors that can affect it, including obesity.35–39 Vitamin 
D deficiency is an independent risk factor for obesity and 
abdominal obesity in women.40,41 Previous studies have 
reported that there is a link between obesity and low 
levels of vitamin D in the body.42–44 It is not yet 
known what the cause of vitamin D deficiency is, that 
is, whether it is due to insufficient sunlight exposure, low 
vitamin D intake, or vitamin D receptor gene 
polymorphism.45–48 One probable mechanism of vitamin 
D deficiency associated with obesity is the decreased 
bioavailability of vitamin D (cholecalciferol/vitamin D3) 
from skin and food as it accumulates in adipocytes, and 
people who are obese will thus be less able to convert 
vitamin D into the active form.41,43,49,50

The examination of vitamin D has become routine, and 
most often uses 25(OH)D serum, which reflects the circu-
lating vitamin D levels, whereas the examination of serum 
1.25(OH)D levels represents the active form of 
vitamin D.6,9,30 Both these examination are often uncom-
fortable and invasive. Various studies have also been con-
ducted to compare this examination with the examination 
of other body fluids.10,14 In addition to serum examina-
tions, some studies have discussed the diagnosis of vita-
min D status using a questionnaire.4 This suggests that an 
invasive examination is not required to establish vitamin 
status, but this study focused only on the elderly.4 Other 
studies have shown that serum levels offer more precise 
results compared to other body fluids.8,51,52

The saliva examination in this study resulted in 
a higher measured level than the serum examination, 
which was probably due to the different sensitivities 
involved detecting 25(OH)D in serum vs. saliva. Saliva 
examination results are also considered to be heavily 
influenced by contaminants, so these results cannot be 
adjusted to the levels in serum. However, this study 
showed that there was a moderate correlation between 
saliva and serum levels, especially in terms of 25(OH)D 
levels, but the correlation was weak in terms of 1.25(OH) 
D levels. This was probably due to the condition of low 
vitamin D intake, which is reflected in the high percentage 
of vitamin D deficiency and insufficiency.

The examination of 1.25(OH)D in saliva exhibited 
a higher limit compared to in serum, so with a cutoff 

point of 48 pmol/L, it showed that no study subject had 
a vitamin D deficiency. All study subjects belonged to the 
normal group. This result is certainly different from those 
of other studies, which showed a deficiency via both 
serum and saliva.2,10,12,16,52,53 This study showed 
a moderate correlation between saliva and serum as 
regards 25(OH)D levels, and this moderate correlation 
shows that saliva assessment can be in place of serum 
testing, especially in people with a low intake of vitamin 
D. The examination of 1.25(OH)D showed a weak corre-
lation between the two approaches; this needs further 
analysis, and indicates that salivary examination cannot 
reveal the correlation between saliva and serum. The ful-
fillment of nutritional needs is intrinsic to improving vita-
min D status in the body.

The results of this study differ from those of previous 
studies, which reported significantly lower serum vitamin 
D levels in patients with recurrent aphthous stomatitis than 
in healthy people.11 However, the average levels of vita-
min D in all those study subjects were higher than in this 
study. The very low levels of vitamin D in this study were 
probably due to an insufficient intake of food sources of 
vitamin D, instead of chronic disease conditions or an 
inflammatory reaction, as in previous studies.11,54

This study offers different results from those of previous 
research, especially as regards the results from healthy and 
sick people who have levels of 25(OH)D in their saliva and 
serum.11 In this study examining the group’s intake of food 
sources of vitamin D, this intake was low, and the group also 
showed moderate levels of 25(OH)D in serum and saliva, 
and weak levels of 1.25(OH)D in serum and saliva.

This study also has limitations, particularly as regards 
the interview bias related to the use of the 24-hour food 
recall method. This can arise in subjects or respondents 
who did not report the exact food consumed. This inter-
view bias occurs due to respondents’ honesty, respondent’s 
memory, and the under-/overestimation of food intake.

This study also does not assess the levels of calcium 
and parathyroid hormone, which would have allowed 
a discussion of the relationship between the three nutri-
ents, and this study did not compare vitamin D levels in 
people experiencing chronic disease or other diseases, 
which would have shown a more pronounced difference.

Conclusions
The assessment of 25(OH)D saliva levels to detect the 25 
(OH)D levels in circulation could be a non-invasive alter-
native to serum testing, especially in people with low 
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vitamin D intake. There was a moderate correlation between 
serum 25(OH)D and saliva, but a weak correlation was 
found in the 1.25(OH)D assay. The examination using saliva 
as a substitute for serum testing is expected to facilitate the 
examination of 25(OH)D levels, but is less applicable for 
testing 1.25(OH)D levels. This study also emphasizes the 
importance of adequate vitamin D intake in order to keep 
vitamin levels within the normal limits in the body.
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