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Abstract: One in five Canadians are first-generation immigrants. Evidence suggests the baseline
risk for vitamin D (vitD) deficiency is increased among immigrants who move from equatorial to
northern countries. We investigated the prevalence and determinants of vitD deficiency/insufficiency
among first-generation immigrants compared with native-born Canadians and identified explanatory
covariables. We used a cross-sectional design with data from the national Canadian Health Measures
Survey (Cycles 3 and 4) (11,579 participants aged 3–79 years). We assessed serum 25-hydroxyvitamin
D (S-25(OH)D) levels, sociodemographic and environmental factors, immigration status, length of
time in Canada, vitD-rich food intake, ethnicity, and place of birth. Immigrants had lower mean
S-25(OH)D than non-immigrants (51.23 vs. 62.72 nmol/L, p < 0.001). Those with younger age at the
time of immigration (<18 years) had a high risk for low vitD, and S-25(OH)D levels increased with
the length of time they had lived in Canada. The highest deficiency levels were in immigrants born
in Morocco, India, and Lebanon compared with native-born Canadians. Ethnicity was the factor
most strongly associated with S-25(OH)D. Compared with the white ethnic grouping, the Japanese
had the highest level of vitD deficiency, followed by Arabs and Southeast Asians. Ethnic variations,
dietary intake, and lifestyle factors are the main predictors of/explanatory factors for vitD status
among Canadian immigrants.

Keywords: vitamin D; serum 25-hydroxyvitamin D; first-generation immigrants; ethnicity; melanin;
dietary intake

1. Introduction

Vitamin D (vitD) plays a crucial role in physiological functions, including skeletal
and non-skeletal health [1]. Vit D has two main metabolites, namely 25-hydroxyvitamin
D (25-OH) and 1, 25 dihydroxy vitamin D. The dietary sources (vitamin D2 or ergocal-
ciferol) and the animal-based foods (vitamin D3 or cholecalciferol) are the two main
forms of vitamin D found in the human body [2–4]. The primary source of vitD in
the human body, however, is through skin exposure to sunlight (cutaneous synthesis

Nutrients 2021, 13, 2702. https://doi.org/10.3390/nu13082702 https://www.mdpi.com/journal/nutrients

https://www.mdpi.com/journal/nutrients
https://www.mdpi.com
https://orcid.org/0000-0002-7970-2616
https://doi.org/10.3390/nu13082702
https://doi.org/10.3390/nu13082702
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/nu13082702
https://www.mdpi.com/journal/nutrients
https://www.mdpi.com/article/10.3390/nu13082702?type=check_update&version=2


Nutrients 2021, 13, 2702 2 of 24

of vitD3) [2,5]. Vitamin D2 and D3 are considered to have equal biological value. The total
serum 25-hydroxyvitamin D (S-25(OH)D) concentration is the sum of the 25(OH) D2 and
25(OH) D3 concentrations [6]. The concentration of S-25(OH)D represents the combined
contributions of the cutaneous synthesis and dietary intake of vitD and is considered
the top clinical marker for overall S-25(OH)D level [7–9]. The S-25(OH)D is expressed in
nanomoles per liter (nmol/L) and has a stable half-life (up to three weeks) in the human
body [7].

The mean of S-25(OH)D (nmol/L) and/or the ranges for the thresholds (a deficiency,
<25–30 nmol/L; insufficiency, 25–49 nmol/L; sufficiency,≥50–<75 nmol/L) were commonly
reported and used in studies to describe the status of vitD [8]. The insufficient status
(<50 nmol/L) is more frequently used to describe hypovitaminosis D [10]. However, the
optimal S-25(OH)D concentration for skeletal health is controversial. The Institute of Medicine
(IOM) recommends maintaining S-25(OH)D concentration levels above 50 nmol/L, whereas
other experts favor the concentration between 50 to 100 nmol/L [11–13].

Multiple factors affect the body’s ability to synthesize vitD, including dietary intake,
coexisting disease conditions (especially liver and kidney diseases), and sun-related vitD
production (e.g., sun exposure) [8,9,14,15]. Other implicated factors include sociodemo-
graphic factors (e.g., socioeconomic status, age, and sex), geographical and environmen-
tal factors (e.g., season and latitude), cultural and religious aspects (e.g., clothing and
prolonged breastfeeding time), and health and genetic factors (e.g., melanin levels and
obesity) [8,10,16]. A global review of evidence from six regions (Europe, North Amer-
ica, Latin America, Asia, the Middle East/Africa, and Oceania) showed the leading risk
factors for vitD deficiency were older age, female sex, higher latitude, winter season,
darker skin pigmentation, less sunlight exposure, poor dietary habits, and absence of vitD
fortification [10].

Hypovitaminosis D is a worldwide public health problem to which immigrants are
particularly vulnerable, with a high baseline risk among populations with darker skin
who migrate from equatorial regions to northern latitudes [17,18]. Migration is considered
a significant risk factor for low S-25(OH)D levels attributable to lifestyle and environ-
mental changes, including dietary intake, physical activity, sun exposure, clothing, and
a move from low to high latitude countries [8,17,18]. Immigrants in Canada and other
Western countries have a high prevalence of vitD deficiency and insufficiency compared
with Western people, with a deficiency prevalence of 19.3–80% among different ethnic
minorities [8,15,19]. A meta-analysis of 36 studies reported variation in vitD deficiency
among dark-skinned immigrants was attributable to the length of residence in the host
country, age at immigration, nutritional barriers, and geographic origins and ethnicities of
the studied populations [18]. Moreover, the estimated pooled prevalence of vitD deficiency
was 77% (95% confidence interval [CI], 70–83%) after adjustment for latitude [18].

The immigrant population in Canada has increased in recent decades. One in five
Canadians is foreign-born, with these people originating from over 200 ethnic groups or
origin countries [20]. Research evidence suggests the presence of significant differences
in sociocultural contexts and various outcomes between first-generation and second or
third generation immigrants [21,22]. Moreover, researchers recommended studying and
comparing ethnic groups from the same generation [21–24].

There is a paucity of information about the status of vitD among Canadian immigrants
from different ethnic groups and origins. Therefore, we intend to study first-generation
immigrants as identified in the Canadian Health Measures Survey (CHMS) data (foreign-
born) to investigate vitD status among immigrants compared with the non-immigrant
(native-born) population. Most of the previous studies on immigrants’ vitamin D involved
aggregated generations of immigrants (first, second, or more generations), resulting in
high heterogeneity in the study population. Moreover, they focused on specific groups
from relatively few ethnicities or few countries of origin. However, this study is the first to
report vitD status among large sample of first-generation immigrants from 13 major ethnic
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groups and who were migrated from 153 countries of origin compared with white ethnic
group and native-born Canadians.

The study aimed to estimate the prevalence and the leading determinants of vitD defi-
ciency/insufficiency among immigrants from different ethnicities and regions/countries
of birth compared with white and native-born Canadians. Moreover, to understand the
effects of the environment, lifestyle, and acculturation on immigrants’ vitD, we aimed to
investigate vitD status to the length of time after immigration. We hypothesized that signif-
icant differences exist in vitD status between immigrant and non-immigrant Canadians,
with immigrants having lower vitD status.

2. Materials and Methods

The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
statement was adopted in planning, implementing, and reporting this study [25].

2.1. Study Design and Participants

The CHMS is a cross-sectional population-based survey conducted by Statistics
Canada in collaboration with Health Canada and the Public Health Agency of Canada [26].
The CHMS provided the first national data on vitD for the Canadian population including
immigrants [26]. The CHMS was executed in cycles biannually. Compared to the 2006
Census data and the 2011 National Household Survey, CHMS data has unique information
in direct physical health measures, representing the Canadian immigrant population, and
addressing the gaps in their existing national information [27].

This study used data for Cycles 3 (2012–2013) and 4 (2014–2015) of CHMS data, which
included randomly selected individuals aged 3–79 years [26]. Cycles-3 and -4 were selected
as being the most thematic consistent cycles in reporting vitD -rich foods and other vitD
determinants than the other cycles of CHMS data. Therefore, we combined Cycles 3 and 4
based on instructions provided by Statistics Canada. By merging the two cycles, we aimed
to provide a larger sample size and increase the number of primary sampling units to allow
for greater precision in estimating small prevalence and providing more detailed analyses.

For each cycle, Statistics Canada determined the sample size to produce reliable and
representative estimates at the national level for sex and age groups. The survey covered
approximately 96% of the Canadian population, each cycle collected from sixteen collection
sites spread across Canada and stratified into five regions: namely British Columbia,
the Prairies (Alberta, Manitoba, and Saskatchewan), Ontario, Quebec, and the Atlantic
provinces (Newfoundland and Labrador, Prince Edward Island, Nova Scotia, and New
Brunswick). A dwelling stratification stage was applied and followed by a roster list of
all persons living in the household, and individuals aged 3 to 79 years were randomly
selected [26]. All participants provided written informed consent, and the CHMS survey
was approved by the Health Canada Research Ethics Board [26].

The CHMS sample population weight was adjusted for age group and sex across
Canada’s five standard geographic regions [27]. It is worth mentioning that except for the
total number of subjects included in the analysis, the number of participants in each group
and the unweighted results cannot be published due to Statistics Canada’s restrictions
policy, thus the results are presented as weighted results. Detailed information about
merging the two cycles and the CHMS data are presented in Appendix A and on the
Statistics Canada website (http://www.statcan.gc.ca, accessed on 24 February 2021) [28,29].

2.2. Measures

The S-25(OH)D was measured using chemiluminescence immunoassay technology
(DiaSorin®, Ltd., Stillwater, MN, USA). The analytical detection limit for S-25(OH)D was
10–375 nmol/L. Data for S-25(OH)D in the two cycles were extracted and used as the
outcome-dependent factors.

We used four cut-offs for S-25(OH)D to identify vitD status as follows: (<30 (nmol/L);
(<50 (nmol/L); (<75 (nmol/L); and (≥75 (nmol/L). First, <30 nmol/L is used to identify

http://www.statcan.gc.ca
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deficient people. Second, (<50 nmol/L) is a cut-off for the insufficient 25(OH) D, which
includes the deficient and insufficient people (it is an accumulating value and not range
for the insufficient people). Third, (<75 nmol/L) is a cut-off and accumulating value for
deficient, insufficient, and sufficient. Fourth (≥75 (nmol/L), is the “no added value” or the
“optimal” as defined by IOM or other experts [8,11–13]. The remaining last two cut-offs
(<75 nmol/L and ≥75 nmol/L) cover 100% of the total population. We assumed that
reporting the prevalence of vitD deficiency, insufficiency, sufficiency, and the no added
value or optimal categories using these cut-offs is important for clinicians and readers to
see the proportion of participants under each stratified category. Moreover, we used ranges
of S-25(OH)D for the above-mentioned cut-offs (<30 nmol/L; 30–49 nmol/L; 50–74 nmol/L
and ≥75 nmol/L) for sub-groups of participants.

Independent variables were factors associated with the risk for developing vitD
deficiency/insufficiency: immigration status, sex, age, income, education level, body mass
index (BMI, kg/m2), smoking status, alcohol consumption, age at immigration, length
of time in Canada, sun exposure, sunscreen use, season and month of blood sampling,
clothing type, physical activity, region and country of birth, ethnicity, skin pigmentation
(melanin level), intake of vitD-rich foods, and vitD supplements/medications used.

We created BMI norms for adults aged ≥ 18 years according to Health Canada’s
national standards for weight classification [30]. For children aged 3–17 years, body weight
classification was based on World Health Organization percentiles [31]. We used the
Canadian Physical Activity Guidelines index to classify participants (aged 5–17 years
and ≥18 years) as meeting/not meeting physical activity recommendations [32]. The
season of blood sampling was categorized by the month of testing: winter (December–
February), spring (March–May), summer (June–August), and fall (September–November).
Region of birth was classified using five major regions based on the number of participants:
Canada and North America; South/Central America and the Caribbean; Europe; Africa;
and Asia. We used Statistics Canada’s geographic classifications to identify the country
of birth (153 countries; Appendix A), and selected the top 20 countries based on the
number of participants (≥30 participants from each) to include in the analysis. These
countries were Canada, China, USA, France, Jamaica, UK, Algeria, Mexico, Pakistan,
Netherlands, India, the Philippines, Romania, Hong Kong, Germany, Colombia, Morocco,
Italy, Iran, and Lebanon. All other countries were grouped into one category (Others). The
153 countries (excluding Canada) were also combined in another category to represent all
immigrants. Statistics Canada identifies ethnicity as white and non-white. The non-white
group included different major ethnic groups; namely Aboriginal, South Asian, Chinese,
Black, Filipino, Latin American, Arab, Southeast Asian, West Asian, Korean, Japanese,
multiple ethnicities, and others. As reported by Statistics Canada, melanin levels were
used as an indicator for skin pigmentation, with higher ranks indicating darker skin.

The steps used to combine the two cycles and to calculate the variables of interest are
described in Table A1, Appendix A.

2.3. Statistical Analyses

We summarized the data using numerical and graphical descriptive statistics. All
statistical comparisons used the mean (standard error, SE) for continuous variables and
proportions with 95% CIs for categorical variables. Data were stratified for analysis
based on the variables of interest. To account for the unequal probability of selection and
represent an accurate estimate of the Canadian population, we used the survey command,
recommended sample weight, and degrees of freedom in the analyses. All results were
weighted values. We used continuous values for S-25(OH)D in the linear regression models.
A univariate analysis was used to identify independent covariates. Multivariable analyses
were performed to clarify the relationship between S-25(OH)D and immigration status and
highlight the factors most strongly associated with lower concentration levels of S-25(OH)D
among immigrants.



Nutrients 2021, 13, 2702 5 of 24

We used the backward elimination method in a linear regression model adjusted
for several independent covariates; namely age, sex, household income, education, BMI,
season, sun exposure, sunscreen, country of birth, melanin levels, ethnicity, vitD medi-
cation and supplements, and food consumption variables. In our analysis, we applied
several evaluation models. In which we determined, by excluding variables with a high
percentage of missing data (e.g., margarine consumption) and variables that are influenced
by S-25(OH)D levels (e.g., serum calcium), improvements in the model’s estimation which
better represents the study population compared to other models. Statistical significance
was set at p≤ 0.05. Analyses were performed using SPSS version 26.0 (IBM Corp., Armonk,
NY, USA) and Stata version 16.0 (StataCorp, College Station, TX, USA).

3. Results
3.1. Study Description and Participants Characteristics

The analyses were based on the total number of participants in both cycles. The
combined response rate at the Canadian level (response rate for all study components
like the household visit, blood samples, and activity monitor) for Cycle-3 was 51.7%, and
Cycle-4 was 53.7% [33,34]. Demographic characteristics for the two cycles are presented in
Table A2, Appendix B.

There were 11,579 participants (5785 from Cycle-3 and 5794 from Cycle-4) aged
3–79 years, with a mean (standard error [SE]) age of 39.23 (0.085) years. S-25(OH)D lev-
els were available for 11,009 participants and were normally distributed with an overall
weighted mean of 60.28 nmol/L. Nearly 10.30% of Canadians were vitD deficient, 63.64%
had insufficient vitD, 76.1% had sufficient vitD, and 23.90% had optimal vitD status.

Table 1 presents the main characteristics of immigrant and non-immigrant Canadians.
Immigrants represented 21.9% of the Canadian population (about 53% female), and the
majority were of non-white ethnicity. Compared with the non-immigrant population, they
were older (overrepresented in the group aged ≥ 18 years) and had lower household
income, smoking, alcohol consumption, BMI (obesity), sun exposure during peak time,
and sunscreen use. However, immigrants were more likely to have higher education levels,
wear concealing clothing, and have traveled to sunny/warm climates in the two months
before blood sampling than non-immigrants.

The weighted mean melanin level (index values) was higher among immigrants than
non-immigrants (17.08 vs. 16.29, p = 0.004). Immigrants also had lower household income,
and serum calcium and phosphorus levels than non-immigrants. Despite the high statistical
difference of calcium (p = 0.004) and phosphorus (p = 0.006), the biological significance of
the mean differences between immigrants and non-immigrants for calcium (2.40 vs. 2.42,
respectively) and phosphorus (1.32 vs. 1.36, respectively) were negligible (Table 1). Non-
immigrants reported more frequent consumption of vitD-rich foods (red/processed meats,
liver, milk, cheese, dairy products, fortified margarine, and fatty fish) (Table A3, Appendix B).

3.2. S-25(OH)D Concentration and VitD Status by Sociodemographic, Lifestyle, and
Immigration Features

Table 2 shows the weighted mean S-25(OH)D levels and vitD status by sociodemo-
graphic and lifestyle factors. Youth aged 12–17 years had the lowest S-25(OH)D levels.
There were significant differences in sex, BMI (obesity), vitD supplement/medication
use, sunscreen use, sun exposure during peak time (<30 min/day) and traveling to a
sunny/warm climate in the two months before blood sampling. Differences were also
found in income, smoking, alcohol consumption, physical activity, and clothing type as
shown in Table A3 (Appendix B).

Immigrants had lower mean S-25(OH)D levels than non-immigrants (62.72 vs.
51.23 nmol/L, p < 0.001). Age at immigration was associated with 25(OH)D levels; younger
generations (<18 years) had a higher risk for lower vitD than older people (≥18 years).
Moreover, years of residency after immigration was associated with S-25(OH)D levels,
especially at 5 and 10 years, indicating that immigrants had higher S-25(OH)D levels the
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longer they had lived in Canada. The mean S-25(OH)D level was higher among sunscreen
users than non-users (62.86 vs. 54.78 nmol/L, p < 0.001).

Nearly 64% of participants had insufficient S-25(OH)D levels. VitD deficiency was
twice as common among immigrants as non-immigrants. Moreover, compared with non-
immigrants, more immigrants had insufficient vitD (52.82% vs. 31.75%) and fewer had
optimal vitD (13.89% vs. 26.83%; p < 0.001). The more years immigrants had lived in
Canada, the greater the proportion with optimal levels at 5 (15.41% vs. 7.65%, p = 0.002)
and 10 (17.37% vs. 7.95%, p = 0.022) years after immigration (Table 2). The S-25(OH)D
and vitD status by household income, education, smoking habits, alcohol consumption,
physical activity, pregnancy, and clothing type are presented in Table A4, Appendix B.

Table 1. Weighted prevalence of immigrants and non-immigrants by sociodemographic and lifestyle factors using Cycles 3
and 4 of Canadian Health Measures Survey data.

Non-Immigrants
(78.9%), %

Immigrants
(21.9%), %

All Participants
(100%), % p-Value

Sex Female 49.37 52.85 50.13 0.142

Age (years) <5 2.84 0.42 2.31 <0.001

5–11 9.37 3.38 8.05

12–17 8.20 4.57 7.41

18–64 69.10 75.41 70.48

>64 10.49 16.22 11.75

Household income (CAD) <50,000 33.15 43.93 35.51 0.008

50,000–100,000 37.07 34.65 36.54

>100,000 29.79 21.43 27.95

Education >Secondary school 47.26 64.63 51.07 <0.001

BMI (kg/m2) Underweight 2.19 2.34 2.22 0.023

Normal weight 41.40 41.75 41.48

Overweight 30.21 37.01 31.70

Obese 26.21 18.89 24.60

Ethnic group Non-white 11.76 62.67 22.91 <0.001

VitD-supplement and/or analog use Yes 5.39 4.84 5.27 0.664

Smoking status Current smoker 22.65 14.75 20.79 0.003

Alcohol Current drinker 82.90 65.03 78.69 <0.001

Meet the physical activity
recommendations Yes 35.41 30.17 34.21 0.127

Sun exposure (10 am to 4 pm) ≥30 min/day 91.21 78.59 88.46 <0.001

Sunscreen use Yes 73.94 58.57 70.64 <0.001

Clothing Typically covered 34.66 52.54 38.51 <0.001

Traveled to sunny/warm climate Yes 10.56 16.48 11.85 0.018

Weighted means Mean (SE) Mean (SE) (95% CI) p-value

Age (years) 37.51 (0.26) 45.17 (0.58) (−9.05, −6.26) <0.001

Income (CAD) 91,985 (3831) 76,317 (4004) (8087, 23,248) <0.001

Calcium (mmol/L) 2.42 (0.00) 2.40 (0.01) (0.01, 0.04) 0.004

Phosphorus
(mmol/L) 1.36 (0.01) 1.32 (0.01) (0.01, 0.06) 0.006

Melanin (index
values) 16.29 (0.29) 17.08 (0.25) (−1.29, −0.28) 0.004

BMI, body mass index; CAD, Canadian dollars; SE, standard error; CI, confidence interval. p-value: p ≤ 0.05.
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Table 2. Weighted mean S-25(OH)D (nmol/L) and vitamin D status by sociodemographic and lifestyle factors using Cycles 3 and 4 of Canadian Health Measures Survey data.

S-25(OH)D (nmol/L) S-25(OH)D Status

Mean (SE) (95% CI) p-Value <30 (nmol/L
(10.3%),%

<50 (nmol/L
(63.64%),%

<75 (nmol/L
(76.1%),%

≥75 (nmol/L
(23.9%),%

Immigration status Non-immigrant † 62.72 (1.73) - 7.82 31.75 73.21 26.83

Immigrant 51.23 (1.41) (8.37, 14.62) <0.001 19.01 *** 52.82 *** 86.11 13.89 ***

Age at immigration
(years) <18 † 46.54 (1.63) - 19.17 64.04 91.37 8.63

≥18 56.33 (2.34) (−15.14, −4.44) 0.001 18.80 41.23 ** 80.76 19.24 **

5 years after immigration ≤5 † 45.94 (2.22) - 19.55 62.54 92.35 7.65

>5 52.77 (1.73) (−12.58, −1.08) 0.022 18.59 50.04 * 84.59 15.41 *

10 years after
immigration ≤10 † 47.03 (1.83) - 19.55 59.83 92.05 7.95

>10 53.98 (1.83) (−11.79, −2.12) 0.007 18.59 48.26 82.63 17.37 **

Sex Male † 57.92 (1.67) - 11.13 39.65 79.62 20.38

Female 62.53 (1.82) (−6.30, −2.93) <0.001 9.45 33.04 *** 72.58 27.42 ***

Age group (years) <5 69.94 (1.64) (−13.94, −9.01) <0.001 1.99 15.70 67.1 32.9

5–11 62.49 (2.16) (−5.91, −2.29) <0.001 4.04 27.41 77.9 22.1

12–17 55.76 (1.93) (0.44, 4.81) 0.021 10.49 40.38 84.36 15.64

18–64 † 58.45 (1.81) - 12.1 39.79 78.24 21.76

>64 71.07 (1.20) (−15.63, −9.55) <0.001 4.59 22.39 *** 58.69 41.31 ***

BMI (kg/m2) Underweight 62.19 (4.05) (−5.82, 7.51) 0.795 12.65 33.0 71.07 28.93

Normal weight † 63.03 (2.04) - 9.22 31.79 73.07 26.93

Overweight 61.02 (1.68) (−0.56, 4.58) 0.119 7.91 35.32 75.24 24.76

Obese 54.48 (1.74) (5.50, 11.60) <0.001 15.25 *** 45.15 *** 82.36 17.64 **
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Table 2. Cont.

S-25(OH)D (nmol/L) S-25(OH)D Status

Mean (SE) (95% CI) p-Value <30 (nmol/L
(10.3%),%

<50 (nmol/L
(63.64%),%

<75 (nmol/L
(76.1%),%

≥75 (nmol/L
(23.9%),%

VitD-supplement and/or
analog use

No † 56.97 (1.74) - 40.52 80.56 19.44

Yes 83.46 (5.25) (−35.92, −17.06) <0.001 9.80 *** 43.16 56.84 ***

Sun exposure
(10 am to 4 pm)

<30 min/day † 55.92 (2.20) - 15.58 48.72 76.51 23.49

≥30 min/day 60.82 (1.69) (−7.81, −1.99) 0.002 9.60 ** 34.65 *** 76.04 23.96

Sunscreen use Never † 54.78 (1.85) - 15.04 48.05 80.92 19.08

Always,
occasionally 62.86 (1.74) (−10.16, −5.99) <0.001 7.87 *** 30.23 *** 73.99 26.01 ***

Traveled to sunny/warm
climate

No † 59.33 (1.83) - 10.81 37.99 77.59 22.41

Yes 67.03 (2.10) (−11.85, −3.54) 0.001 6.49 23.71 *** 65.08 34.92 ***

Note: Following the Statistics Canada guideline, some cells merged due to the low number of participants. † Reference value; SE, standard error; CI, confidence interval; BMI, body mass index. p-values:
* p ≤ 0.05; ** p ≤ 0.01; *** p ≤ 0.001.
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3.3. S-25(OH)D Concentration and VitD Status by Participants’ Ethnicity and Country of Origin

Differences were observed in mean S-25(OH)D levels between all ethnic groups com-
pared with the white grouping (mean 64.48 nmol/L), except for the West Asian and Korean
groups (Table 3). The lowest mean was reported for the Japanese (33.16 nmol/L; p < 0.001),
followed by Arabs (37.14 nmol/L; p < 0.001), and Southeast Asians (40.92 nmol/L; p < 0.001).
Compared with the white grouping (6.61%), more than half (55%) of the Japanese ethnic
group had vitD deficiency, with similar proportions found for Arabs (52%) and South-
east Asians (41.1%). Moreover, the Japanese had the highest insufficiency level (85%),
followed by Koreans (81.0%), and Southeast Asians (73.8%). The ranges for insufficiency
(30–49 nmol/L) and sufficiency (50–74 nmol/L) for each ethnic group are also presented in
Figure A1, Appendix B.

Table 4 highlights the marked differences among those born in Africa, Asia, and
South/Central America, and Caribbean regions. The highest rates of deficient and insuf-
ficient vitD were found among immigrants from Africa (31.2% and 68.6%, respectively)
and Asia (24.5% and 69.7%, respectively) compared with those born in Canada and North
America (7.7% and 31%, respectively). The ranges for insufficiency (30–49 nmol/L) and
sufficiency (50–74 nmol/L) for the above mentioned five regions are presented in Figure A2,
Appendix B.

Table 3. Weighted mean S-25(OH)D (nmol/L) and vitamin D status by ethnicity using Cycles 3 and 4 of Canadian Health
Measures Survey data.

S-25(OH)D (nmol/L) S-25(OH)D Status

Mean (SE) (95% CI) p-Value <30 (nmol/L
(10.3%),%

<50 (nmol/L
(63.64%),%

<75 (nmol/L
(76.1%),%

≥75 (nmol/L
(23.9%),%

White † 64.48 (1.73) - 6.61 29.10 71.25 28.75

Non-white 47.67 (1.31) (13.85, 19.77) <0.001 21.09 *** 60.49 *** 90.39 9.61 ***

Aboriginal 55.55 (1.77) (4.36, 13.50) 0.001 10.63 40.35 ** 82.51 17.49 *

South Asian 45.56 (2.48) (13.83, 24.02) <0.001 22.11 *** 66.73 *** 91.28 8.72 ***

Chinese 46.03 (1.56) (14.17, 22.74) <0.001 17.18 *** 61.84 *** 94.89 5.11 ***

Black 43.82 (2.96) (15.07, 26.26) <0.001 28.87 *** 67.72 *** 91.73 8.27 ***

Filipino 49.39 (3.93) (5.90, 24.29) 0.003 7.51 58.85 * 90.41 9.59 ***

Latin
American 52.64 (2.87) (5.20, 18.50) 0.001 13.43 38.66 92.13 7.87 *

Arab 37.14 (4.62) (18.15, 36.54) <0.001 51.98 *** 72.17 *** 94.40 5.60 ***

Southeast
Asian 40.92 (4.43) (13.88, 33.24) <0.001 41.08 *** 73.84 *** 91.19 8.81 **

West Asian 53.74 (6.64) (−3.29,
24.78) 0.127 13.83 58.27 ** 83.35 16.65

Korean 44.26 (15.06) (−10.07,
50.51) 0.180 25.12 * 81.04 *** 18.96

Japanese 33.16 (8.59) (14.12, 48.52) 0.001 55.30 *** 86.27 *** 13.83

Multiple
ethnicities 53.04 (2.44) (6.45, 16.44) <0.001 14.48 ** 46.58 *** 88.83 11.17 ***

Other
ethnicities 50.02 (5.17) (3.33, 25.61) 0.013 62.13 *** 88.36 11.64 62.13 ***

Note: following the Statistics Canada guideline, some cells merged due to the low number of participants. † Reference value; SE, standard
error; CI, confidence interval. p-values: * p ≤ 0.05; ** p ≤ 0.01; *** p ≤ 0.001.

The highest mean S-25(OH)D level was found in those born in the Netherlands,
followed by the UK and Germany (72.7, 68.9, and 68.5 nmol/L, respectively). The lowest
mean levels of S-25(OH)D were found in those from Algeria (34.7 nmol/L, p < 0.001),
Lebanon (39.4 nmol/L, p = 0.008), and Morocco (39.4 nmol/L, p = 0.003). The highest
deficient levels were found in those from Morocco (55.9%), India (34.4%), and Lebanon
(about 30%), with the highest insufficient levels in those from Algeria (87.9%), Romania
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(80.7%), and Lebanon (78.7%). The ranges for insufficiency (30–49 nmol/L) and sufficiency
(50–74 nmol/L) for each birth country are presented in Figure A3, Appendix B.

Table 4. Weighted mean S-25(OH)D (nmol/L) and vitamin D status by geographical region and country of birth using
Cycles 3 and 4 of Canadian Health Measures Survey data.

S-25(OH)D (nmol/L) S-25(OH)D Status

Mean (SE) (95% CI) p-Value <30 (nmol/L
(10.3%),%

<50 (nmol/L
(63.64%),%

<75 (nmol/L
(76.1%),%

≥75 (nmol/L
(23.9%),%

Region
of birth

Canada and
North

America †
63.10 (1.74) - - 7.66 30.95 72.74 27.26

South/Central
America,
and the

Caribbean

53.20 (3.13) (2.47, 17.33) 0.011 14.65 43.29 86.51 13.49

Europe 62.61 (1.83) (−2.98, 3.95) 0.775 8.62 31.24 77.46 22.54

Africa 42.74 (3.50) (13.08, 27.64) <0.001 31.16 *** 68.55 *** 90.21 9.79 **

Asia 43.67 (1.67) (15.51, 23.34) <0.001 24.50 *** 69.67 *** 93.41 6.59 ***

Country
of birth

Canada † 63.23 (1.74) - 7.45 30.73 72.64 27.36

China 48.62 (2.08) (10.21, 19.01) <0.001 10.53 63.14 *** 91.50 8.50 ***

USA 58.67 (4.07) (−4.36, 13.47) 0.301 15.44 * 39.01 75.69 24.31

France 56.98 (5.19) (−4.17, 16.67) 0.226 34.10 90.52 9.48

Jamaica 51.72 (7.47) (−5.03, 28.05) 0.163 23.13 * 48.04 77.07 22.93

UK 68.88 (3.16) (−12.11, 0.81) 0.083 11.73 21.95 66.34 33.66

Algeria 34.73 (6.35) (15.49, 41.50) <0.001 87.90 *** 12.10

Mexico 45.67 (11.69) (−5.28, 40.40) 0.125 56.61 87.81 12.19

Pakistan 41.60 (7.35) (4.35, 38.90) 0.017 25.96 * 68.38 31.60

Netherlands 72.69 (5.75) (−20.12, 1.20) 0.079 20.06 45.01 54.99 ***

India 42.40 (4.69) (11.64, 30.02) <0.001 34.42 *** 73.64 93.64 6.36 ***

Philippine 48.14 (3.55) (7.25, 22.92) 0.001 11.20 61.20 * 91.32 8.68 **

Romania 42.95 (5.25) (9.26, 31.29) 0.001 80.72 *** 19.30

Hong Kong 53.90 (7.90) (−8.08, 26.74) 0.278 32.02 68.00

Germany 68.53 (6.84) (−19.37, 8.77) 0.443 29.44 70.19 29.81

Colombia 60.53 (9.88) (−19.08, 24.48) 0.800 9.39 77.36 22.64

Morocco 39.39 (7.25) (8.77, 38.90) 0.003 55.90 *** 68.53 *** 31.50

Italy 63.12 (5.43) (−10.52, 10.73) 0.984 8.07 24.55 72.49 27.51

Iran 49.99 (6.87) (−1.77, 28.23) 0.081 6.18 73.32 ** 87.94 12.06

Lebanon 39.38 (8.18) (6.89, 40.80) 0.008 29.97 ** 78.70 ** 21.30

Others 49.28 (1.57) (10.58, 17.31) <0.001 21.97 *** 54.45 *** 90.19 9.8%

All (153
Countries) 51.09 (1.40) (9.01, 15.27) <0.001 18.91 *** 53.42 *** 86.66 13.34 ***

Note: following the Statistics Canada guideline, some cells merged due to the low number of participants. † Reference value; SE, standard
error; CI, confidence interval. p-values: * p ≤ 0.05; ** p ≤ 0.01; *** p ≤ 0.001.

3.4. S-25(OH)D Concentration and VitD Status by Immigration Status and Season

The S-25(OH)D increased substantially during summer and fall compared with winter.
Compared with January, the lowest weighted mean was found in February and the highest
in September. The highest percentage of change (−37%) from the optimal level (75 nmol/L)
was in February (Figure 1) and (Table A5, Appendix B). Non-immigrants had higher S-
25(OH)D in all seasons, with significant increments in spring, summer, and fall compared
with the winter season (Figure 2) and (Table A6, Appendix B).
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Figure 1. Weighted mean S-25(OH)D (nmol/L)/month of test and percentage of change from the optimal level (75 nmol/L)
using Cycles 3 and 4 of Canadian Health Measures Survey data († reference value * significant at p ≤ 0.05).

Figure 2. Weighted seasonal variation in mean S-25(OH)D (nmol/L) based on immigration status using Cycles 3 and 4 of
Canadian Health Measures Survey data († reference value * significant at p ≤ 0.05).

3.5. Results of Multivariate Analysis

The final multi-linear regression model showed that immigrants had lower S-25(OH)D
levels compared with non-immigrants (beta-estimate: −5.28, 95% CI:−7.48,−3.09, p < 0.001)
after adjusting for all covariates (Table 5). Ethnicity was the strongest predictor of S-25(OH)D
in immigrants compared with non-immigrants. Other predictors such as consumption of
dairy products (milk, cheese, and yogurt) and traveling to a sunny/warm climate in the two
months before blood sampling were also strongly associated with differences in S-25(OH)D.
Overall, the model showed a robust association between immigration status and concentra-
tions of S-25(OH)D.
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Table 5. Multivariate analysis-backward elimination method based on S-25(OH)D (nmol/L) and immigration status using
Cycles 3 and 4 of Canadian Health Measures Survey data.

S-25(OH)D

Beta Estimate (SE) (95% CI) p-Value

Immigration status −5.28 (1.06) −7.48, −3.09 <0.001
Sex 4.54 (0.88) 2.71, 6.36 <0.001
Season 3.44 (0.97) 1.42, 5.46 0.002
Age 0.14 (0.04) 0.07, 0.22 0.001
Traveled to a warm/sunny climate 6.31 (1.67) 2.85, 9.78 0.001
BMI −4.89 (0.64) −6.11, −3.48 <0.001
Dairy products (milk, cheese, yogurt) 5.79 (0.74) 4.25, 7.32 <0.001
Skin pigmentation (melanin) 1.36 (0.28) 0.79, 1.93 <0.001
Sunscreen use 4.95 (1.12) 2.63, 7.28 <0.001
Ethnicity −15.11 (1.61) −18.46, −11.78 <0.001
VitD-supplement and/or analog use 0.52 (0.16) 0.17, 0.86 0.005
-Const. 29.01 (5.91) 17.91, 40.12 <0.001

Adjusted linear regression for age, sex, income, education, BMI, season, sun exposure, sunscreen use, country of birth, melanin levels,
ethnicity, vitD-medication/supplements, and food consumption variables. Significant at p ≤ 0.05. BMI, body mass index; SE, standard
error; CI, confidence interval.

4. Discussion

This is the first national Canadian study to report vitD status among immigrants from
different ethnic groups and origins compared with non-immigrants and has a global impact.
A previous systematic review noted the need to assess vitD status and its determinants (in-
cluding lifestyle factors) among subgroups living in the same country [35]. Moreover, research
has highlighted the importance of comparing the same generation of immigrants rather than
an aggregated generation [22], and gathering evidence, and formulating recommendations
specific to sub-populations that may differ from the overall immigrant population [16].

The higher overall prevalence of vitD insufficiency among immigrants than non-
immigrants in this study was consistent with global evidence suggesting that immigrants in
Western countries have lower S-25(OH)D levels than non-immigrant populations [8,10,36,37].
Our multivariate analyses found ethnic background, having traveled to a sunny/warm
climate, and low dairy product consumption were strong predictors of low S-25(OH)D
levels among immigrants in Canada. Consistent with our findings, associations between
S-25(OH)D levels and low income, winter season, low sunlight exposure, conservative dress,
BMI (obesity), vitD supplements use, low physical activity, less traveling to a sunny/warm
climate, non-white ethnicity, place of birth, and skin pigmentation were reported in previous
studies [1,10,18].

While females are usually at higher risk for vitD deficiency [8,36–38], females in
our study had markedly higher serum S-25(OH)D levels than males. In 2015, Statistics
Canada reported that females had more elevated serum of vitD than males, more fre-
quently using supplements than males (41% vs. 28%, respectively), and nearly 85% of
vitD supplement users were above the cut-off (<50 nmol/L) compared with non-users
(59%) [15]. McCormack et al. 2017, reported that females ≥ 19 years in Canada were using
nutritional supplements (including vitD) more than males [39]. However, the higher levels
of S-25(OH)D could be partly explained by the finding that females used vitD supplements
more than males (66% vs. 34%, p = 0.019) (data not shown). In compliance with our finding,
studies demonstrated that women who wear concealing clothes had lower S-25(OH)D
levels than women dressed according to Western-style. It was well documented that the
type of clothing determines the degree of sun exposure and supports/eliminates vitD’s
epidermal synthesis [8,10,18,40,41]. In this study, the effect of dress style on S-25(OH)D
levels reduced (95% CI: −0.67 15.82; p = 0.070) in winter when both immigrants and non-
immigrants wear winter clothes that cover all the body, while the difference remained
statistically significant for spring, summer, and fall which may be due to different type of
clothing during these seasons.
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The current study found that immigrants with low household income were more linked
with lower S-25(OH)D levels. A global vitD review reported that higher family income in
developing countries was found inversely associated with hypovitaminosis D [10]. Other
studies confirmed that lower-income immigrants were found with lower levels of S-25(OH)D
than higher incomes [42,43]. Consistent with our findings, global and Canadian vitD studies
reported that obese adults had significantly lower S-25(OH)D than normal/underweight
and overweight [1,8,15,44]. Studies suggested that this may be due to vitD displacement in
adipose tissue, which results in lower circulating S-25(OH)D levels in the blood [8].

Dairy products contain essential nutrients including vitD and calcium. Previous
studies suggested insufficient consumption of these products was strongly associated with
lower S-25(OH)D levels [10,42,45,46]. Furthermore, milk in Canada is fortified with vitD,
indicating a possibly magnified contribution of dairy products to serum vitD for both
immigrant and non-immigrant consumers. Nonetheless, consumption of fortified milk
and dairy products was relatively higher in non-immigrants than immigrants, which may
partially explain the difference in S-25(OH)D levels.

Canada regions have different weather conditions; nonetheless, it is expected that
days in fall and winter are shorter than in summer and spring, with fewer hours of sunlight
overall in Canada. In the present study, immigrants had less sun exposure than non-
immigrants and had lower S-25(OH)D levels in winter than in summer. The seasonal
variation in S-25(OH)D between immigrants and non-immigrants may be explained by the
role of ultraviolet-B (UVB) light exposure in the endogenous synthesis of vitD. Previous
studies also reported seasonal variations in vitD status [10,19,47]. Other studies reported
the lowest levels of S-25(OH)D in winter [8,48], which was consistent with our findings.

The non-sunscreen users had a higher prevalence of deficiency and insufficiency in
vitD status than did the frequent sunscreen users. However, such difference could be partly
explained by the fact that sunscreens are used as photoprotector as it minimizes ultraviolet-
B (UVB) light exposure, hence lowers endogenous vitD activation, and thus increases
the likelihood of developing vitD deficiency [49]. Nonetheless, in practice, sometimes
the irregular use of sunscreen or inadequate amounts may not be enough to secure the
body from all UVB light. Furthermore, sunscreen users might feel sunburn protected by
blocking UVB light and, hence, tend to expose themselves more to the sun than non-users,
increasing S-25(OH)D levels. In line with our finding, 25% of studies in a recent review
concluded that sunscreen use was associated with higher S-25(OH)D concentration, while
10% of studies reported lower levels and 35% with no association [49,50]).

Our data were obtained from immigrants from more than 150 countries, over 13 major
ethnic groups, and therefore present a unique contribution to understanding Canada’s
ethnocultural diversity concerning vitD status. Irrespective of the length of time living
in Canada, immigrants who were born in Africa and Asia had lower S-25(OH)D levels
than those born in North America. The lowest levels by country of birth were among
immigrants born in Algeria, Lebanon, and Morocco. In terms of ethnic origins, the lowest
S-25(OH)D levels were in Japanese, followed by Arab and Southeast Asian ethnic groups.
Our adjusted linear regression model indicated ethnicity was the most important indicator
of low S-25(OH)D levels among immigrants compared with non-immigrants. Similarly,
previous research reported vitD deficiency was more common in people from specific
racial backgrounds. For example, Asian (South Asia, Southeast), African, and Middle
Eastern immigrant populations had lower S-25(OH)D than their counterparts in Western
countries [8,10,48]. Middle Eastern immigrants (including Lebanese and Iranian people)
were more frequently reported to have deficient/insufficient levels than other ethnic
groups and non-immigrant populations in Western countries [10]. A systematic review of
112 studies (168,389 participants from 44 countries) reported insufficient levels in one-third
of the included studies, with the highest levels among participants living in North America
and lower levels among those living in the Middle East and African regions [35].

Dark-skinned individuals have a rich amount of melanin, which acts as a biological
shield against UV radiation [8]. In the present study, skin pigmentation was used to rank
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participants based on melanin index values, where higher degrees of melanin indicated
darker skin pigmentation. We found that immigrants had higher melanin levels than
non-immigrants. Brook et al. reported the median 25(OH)D concentrations were higher
in whites compared with non-whites in Canada [51] and several other studies have doc-
umented associations between skin pigmentation, ethnicity, geographical origins, and
S-25(OH)D levels [8,18,52]. Research suggests that dark-skinned immigrants are at higher
risk for vitD deficiency the longer time they spend in the host country [18]. In contrast,
we found immigrants had markedly higher S-25(OH)D levels the longer they had lived
in Canada after immigration. However, integration into a new life in Canada may reflect
physical and behavioral adaptation to the surrounding environment, including lifestyle,
diet, and climate changes. Immigration studies on acculturation and vitD found the length
of time since immigration was a crucial indicator of lifestyle acculturation, and higher accul-
turation levels were associated with significantly higher S-25(OH)D levels [21,53]. However,
we found immigrants had less sun exposure and less frequent consumption of vitD-rich
foods than non-immigrants, and the length of time since immigration reflected reasonable
lifestyle acculturation in Canada. Moreover, genomic studies showed that vitD interacts
and influences the human genome through vitD receptor-mediated gene regulation and
drives evolution for genomic adaptations in the context of skin color lightening [54]. The
biological adaptation process is part of micronutrient gene-regulation that supports vitD3
synthesis in regions with lower UVB radiation [54]. Therefore, epigenetic adaptations may
partially explain why immigrants in Canada were prone to vitD deficiency in the short term
after immigration, and levels of S-25(OH)D increased over time. Furthermore, our study
showed that ethnic differences played a fundamental role in S-25(OH)D levels. Common
genetic polymorphisms in the vitD receptor and vitD-binding protein may partly explain
differences in vitD status between different ethnicities [55]. Therefore, vitD insufficiency
and deficiency among immigrants may be associated with genetic variations combined
with dietary and other environmental factors; this issue warrants further investigation.

To our knowledge, this was the first study assessing S-25(OH)D levels among Cana-
dian immigrants’ different ethnic groups and origins compared with the non-immigrant
population at the national level. The findings highlighted the need for further research
investigating immigrants’ health deterioration in the context of vitD. In addition, building
knowledge of the relationship between health deterioration and vitD status along with
similar biomarkers has important implications for responding to chronic and infectious
diseases, including COVID-19.

Our study should be interpreted with consideration of its strengths and limitations. The
CHMS data have many strengths. First, the CHMS provided the first national, comprehensive,
and representative data for the Canadian population on vitD. Moreover, it used several clinical
and laboratory measures to overcome the limitations of self-reported data [27]. Second, the
study design and large sample size provided a nationally representative sample of immigrants
in Canada. Third, it captured the ethnocultural diversity of immigrants from more than
150 countries and represented more than 13 major ethnic groups. Fourth, reported melanin
level is a reliable indication of skin pigmentation. Fifth, S-25(OH)D levels were collected over
the entire year, which enabled adjustment for seasonal variations in UVB light exposure, and
offered a more accurate and representative measure of S-25(OH)D at the national level. Finally,
the data were validated against other national data such as the Canadian Community Health
Survey, Census data, and the 2011 National Household Survey [27]. However, immigrants
were identified as landed people without detailed information about the immigration-specific
status (e.g., refugees or asylum seekers) [27]. Research suggests refugees have a higher
risk for vitD deficiency than other population groups [18,19,56,57]. The lack of data on
refugees and asylum seekers limited further subgroup analyses. Another limitation of CHMS
data is that the levels of biologically activated form 1,25(OH)2Dwas not measured in the
study participants.
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5. Conclusions

In conclusion, vitD deficiency is more common among Canadian immigrants than
non-immigrants. Immigrants originating from African (Algeria and Morocco) and Asian
(Lebanon) countries have a particularly low mean of S-25(OH)D. This study highlights
ethnicity as a pivotal predictor of immigrants’ lower S-25(OH)D levels; the Japanese, Arab,
and Southeast Asian ethnic groups have a high prevalence of vitD deficiency. Short-term
prevention strategies in community and clinical settings may be warranted, including
vitD supplementation and awareness for people at higher risk. A long-term intervention
plan may include developing/updating Canadian immigrant guidelines to incorporate
evidence-based improvement strategies for vitD implementation.
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Appendix A

Appendix A: Supporting information regarding the steps used to combine Cycles 3
and 4, and detailed information about the calculation of the variables of interest (Table A1).

Table A1. Variables of interest in Cycles 3 and 4 of the Canadian Health Measures Survey.

Variable Description

Dependent variable

We used the contentious variable serum 25(OH)D (mmol/L). We categorized vitD status using
the following cut-offs for S-25(OH)D: (<30 (nmol/L); (<50 (nmol/L); (<75 (nmol/L); and
(≥75 (nmol/L). First, <30 nmol/L is used to identify deficient people. Second, (<50 nmol/L) is a
cut-off for the insufficient 25(OH) D, which includes the deficient and insufficient people (it is an
accumulating value and not range for the insufficient people). Third, (<75 nmol/L) is a cut-off
and accumulating value for deficient, insufficient, and sufficient. Fourth (≥75 (nmol/L), it is the
“no added value” or the “optimal” as defined by IOM or other experts [11–13]. Moreover, we
used ranges of S-25(OH)D for the above mentioned cut-offs (<30 nmol/L; 30–49 nmol/L;
50–74 nmol/L and ≥75 nmol/L) for sub-groups of participants.
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Table A1. Cont.

Variable Description

Independent variables

Immigration status Landed immigrant (yes, no).

Age at time of immigration Age at immigration was categorized as <18 years or ≥18 years.

Time since immigration
We used the continuous variable “length of time since first came to live in Canada” to categorize
time since imigration at two cutoff points (≤5 years and >5 years; ≤10 years and >10 years). We
used these points as indications of recent immigrants and long-term immigrants.

Sex Male/female.

Age Contentious and categorical variables.

Education Education was classified as ≤secondary school or >secondary school.

Household income Household income was derived and imputed by Statistics Canada. The contentious variable and
categorical variables (<50,000, 50,000–100,000, and >100,000) were used as appropriate.

Body mass index
Calculated as weight divided by height squared (kg/m2). We used body mass index norms for
adults (≥18 years) based on national standards for weight classification [30]. For children
(3–17 years), body mass index was classified according to World Health Organization percentiles [31].

Smoking We categorized smoking status into two groups (former/non-smoker vs. current smoker).

Alcohol We categorized alcohol consumption into two groups (former/non-drinker vs. current drinker).

Vitamin D-containing
supplements/medications

All prescription medications, over-the-counter, and herbal remedies taken in the past month
(including vitD supplements and medications) were recorded in the CHMS data. The Anatomical
Therapeutic Chemicals (ATCs) is a system that classifies products according to the organ and
their chemical, pharmacological, and therapeutic properties. The vitD -related ATC codes were
selected (A11CC01–05). These ATC codes represent ergocalciferol (vitD 2), dihydrotachysterol
(synthetic vitD analog), alfacalcidol (analog of vitD), calcitriol, and cholecalciferol (vitD 3). Users
of any of these were recorded as “yes,” non-users as “no,” and not respondents as “missing.”

Dietary intake

The CHMS collected dietary intake of different types of each item (red meat, liver, fish, egg, milk,
cheese, yogurt, margarine) based on the previous month’s consumption. Statistics Canada
prepared derived variables for each item to describe the number of times that item had been
consumed/year. These derived variables were used to calculate consumption per week or
day as needed.
Different types of each item were merged into a single category. For example, all kinds of milk
(plain, flavored, omega-3) were merged as “all milk.” The same procedure was used for “all
meats” (e.g., red meat, liver, sausage, hotdog), as well as “all cheese,” “all yogurt,” “all eggs,” and
“all margarine.” Another category was used for all dairy products, called “all diary.” We also used
fish consumption in the past two months as (yes vs. no). Values of
≤1 time/week vs. >1 time/week were used for all categories, except all milk and all dairy,
which used ≤7 times/week vs. >7 times/week.

Calcium and phosphorus Contentious variables (mmol/L).

Pregnancy Pregnancy was classified as Yes or No.

Ethnicity

Broadly, ethnicity was classified into two main groupings as white or non-white.
Statistics Canada categorized non-white into the 12 largest ethnic groups (Aboriginal, South
Asian, Chinese, Black, Filipino, Latin American, Arab, South East Asian, West Asian, Korean,
Japanese, Multiple ethnicities), and another category for all other ethnicities.

Season of blood sampling
The season variable was created based on the derived variable of “month of blood sampling.” We
categorized the season as winter (December–February), spring (March–May), summer
(June–August), and fall (September–November).

Regions of birth We used five regions: Canada and North America; South and Central America and the Caribbean;
Europe; Africa; and Asia.
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Table A1. Cont.

Variable Description

Countries of birth

We used the geographic classifications of Statistics Canada to identify the country of birth for all
CHMS participants (153 countries) [58]. We ranked and selected the top 20 countries based on the
number of participants (≥30 participants from each). These countries were Canada, China, the
US, France, Jamaica, the UK, Algeria, Mexico, Pakistan, the Netherlands, India, the Philippines,
Romania, Hong Kong, Germany, Colombia, Morocco, Italy, Iran, and Lebanon. We combined all
other countries in one category, “Other,” and combined the 153 countries (excluding Canada) in
another class to represent all foreign-born immigrants.

Sun exposure (10 am to 4 pm) Sun exposure was classified as <30 min\day or ≥30 min\day.

Sunscreen application Sunscreen application was classified as yes or no.

Clothing type The clothing type was based on coverage and classified as yes or no. Yes indicated typically
covered (face, ears, neck or arms and legs).

Physical activity

Physical activity for adults (≥18 years) was calculated based on the Canadian Physical Activity
Guidelines (CPAG). The CPAG recommendation for adults is to accumulate at least 150 min of
moderate-to-vigorous intensity aerobic physical activity per week, in bouts of ≥10 min. The
CPAG recommendation for children (5–17 years) is to accumulate at least 60 min of
moderate-to-vigorous intensity physical activity daily for at least three days per week [32].

Traveled to a sunny/warmer
place (in the past two months) Travelling to a sunny/warmer place in the past two months was classified as yes or no.

Skin pigmentation
(melanin levels)

Melanin is the component that gives skin its natural color. Melanin levels were measured from
the back of the hand three times; a fourth measurement was required if the difference between the
first three melanin values deviated by more than 10 units. The final average calculated by
Statistics Canada indicates the absolute index values of melanin, where the higher the value, the
more melanin present in the epidermal. The device used for measurement was the DSM II
ColorMeter (Cortex Technology, Hadsund, Denmark).

Appendix A.1. Combining Cycles 3 and 4

The CHMS is the first national population-based survey on vitamin D (vitD) conducted
in Canada. Data were collected in six cycles biannually between 2007–2019. Compared with
other cycles, Cycle 3 (2012–2013) and Cycle 4 (2014–2015) are considered the most thematically
consistent in terms of vitD-related sociodemographic characteristics, lifestyle factors, vitD-rich
foods consumption, and behavioral, environmental, and biological determinants. Immigrant
status was defined as being born outside Canada [27]. In this study, we combined data
from Cycles 3 and 4 to increase the sample size and provide a more stable and precise
estimate of sampling variability at the national level than was possible using a single data
cycle estimate. The combination of the two cycles followed Statistics Canada’s guideline for
combining CHMS cycles. As recommended, we used Bootstrap 1–Bootstrap 500, full-weight
or applicable weight, and the required degrees of freedom to correct variance estimations.
Therefore, the pre-specified combined full-sample weights and degrees of freedom for the
two cycles were used in our analyses. The single-cycle weight was dropped from the dataset
as it was a cycle-specific weight. The combined response rate (response rate for all study
components, such as household visit, blood samples, and activity monitor) at the Canadian
level for Cycle 3 was 51.7%, and that for Cycle 4 was 53.7% [33,34].

Appendix A.2. Population, Comparators, Measures, and Outcome

The population of interest in this study was first-generation Canadian immigrants
(foreign-born) from different origins and ethnicities. The comparators were non-immigrants
(native-born population) and the white ethnic grouping. The S-25(OH)D was measured
using chemiluminescence immunoassay technology (DiaSorin®, Ltd., Stillwater, Minnesota,
USA). The analytical detection limit for S-25(OH)D was 10–375 nmol/L. The inter-assay
coefficients of variation for the S-25(OH)D was 13.0% and the precision for <20 nmol/L,
20–100 nmol/L and >100 nmol/L levels were 15.0%, 10.0% and 12.0%, respectively [45].
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The results are presented as weighted means or proportions only. The weighted results
and proportions were based on the total number of 11,579 participants. The number of
participants for each group cannot be published because of Statistics Canada’s restrictions
policy relates to publishing weighted results. The weighting technique for complex survey
results refers to statistical adjustments that have been used to correct and improve the
accuracy of the survey estimates. The survey weights adjust for unequal probabilities of
selection that often have occurred during sampling design and to help compensate for
survey non-response weights. Thus, by using the survey weights to create estimates should
yield approximately unbiased national prevalence estimates and reduce non-response bias
that can be introduced due to random missing values. The study outcomes were the serum
25(OH)D levels and vitD status.

Appendix A.3. Variables of Interest

The data manipulation and all derived variables were consistent with Statistics
Canada’s instructions based on the specific cycle user guide, data codebook, instructions
for combining more than one cycle, and the derived variable specifications [33]. The CHMS
microdata are hosted in secure centers overall in Canada. These data were accessed and
analyzed at the Carleton, Ottawa, Outaouais Local Research Data Centre (COOLRDC),
located in the Morisset Library at the University of Ottawa.

Appendix B

Appendix B: supporting information including (Tables A2–A6).
This Appendix sets out the steps followed in combining Cycles 3 and 4 of the Canadian

Health Measures Survey (CHMS), variables of interest, critical data manipulation stages,
and other methodological aspects.

This Appendix contains supplementary material for the manuscript entitled “Vitamin
D Status among First-Generation Immigrants from Different Ethnic Groups and Origins: An
Observational Study using the Canadian Health Measures Survey.”

Table A2. Weighted prevalence and mean S-25(OH)D (nmol/L) levels and basic study characteristics using Cycles 3 and 4
of Canadian Health Measures Survey data.

Cycle 3 (49.52%)
%

Cycle 4 (50.48%)
%

Total (100%)
%

Immigration status Immigrant 24.5 19.38 21.90

Ethnic group White 75.10 78.87 76.98

Sex Female 50.00 50.10 50.08

Age (years)

<5 2.47 2.14 2.30

5–11 7.92 8.17 8.04

12–17 7.58 7.21 7.39

18–64 70.70 70.29 70.54

>64 11.20 12.20 11.72

Household income (CAD)

<50,000 38.10 32.91 35.45

50,000–100,000 36.00 37.26 36.61

>100,000 26.00 29.84 27.93

S-25(OH)D status (nmol/l) <50 65.04 62.27 63.64

Weighted Mean Mean (SE) Mean (SE) Mean (SE)

Age (years) 39.08 (0.15) 39.35 (0.09) 39.23 (0.085)

S-25(OH)D (nmol/L) 61.29 (2.78) 59.16 (1.99) 60.28 (1.69)

SE, standard error.
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Table A3. Weighted prevalence of vitamin D-rich food/fish consumption for immigrants and non-immigrants using Cycles 3 and 4 of Canadian Health Measures Survey data.

Non-Immigrants
(78.9%), %

Immigrants
(21.9%), %

All Participants
(100%), % p-Value

All meats (red meat, liver, hotdog, and sausage) >1 time/week 90.47 78.72 87.89 <0.001
All eggs (yolk/omega-3) >1 time/week 59.68 66.95 61.26 0.067

All milk (plain, flavored, and omega-3) >7 times/week 54.63 48.38 53.27 0.027
All cheese (cottage and other) >1 time/week 86.70 63.26 81.57 <0.001

All yogurt >1 time/week 72.19 70.15 71.75 0.577
All dairy products (milk, yogurt, and cheese) >7 times/week 83.38 75.38 81.64 <0.001

All margarine (plain and omega-3) >1 time/week 84.11 70.95 81.90 0.007
Fortified juice with calcium/vitamin D >1 time/week 7.01 6.12 6.81 0.452

Fish consumption/past 2 months Yes (No †) 25.18 17.09 23.43 0.046

Reference values: ≤1 time/week; ≤7 times/week. † Reference value; p-values ≤ 0.05.
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Table A4. Weighted means for S-25(OH)D (nmol/L) and vitamin D status by sociodemographic and lifestyle factors using Cycles 3 and 4 of Canadian Health Measures Survey data.

S-25(OH)D (nmol/L) S-25(OH)D Status

Mean (SE) (95% CI) p-Value <30 (nmol/L
(10.3%),%

<50 (nmol/L
(63.64%),%

<75 (nmol/L
(76.1%),%

≥75 (nmol/L
(23.9%),%

Household income (CAD)
<50,000 † 56.18 (1.90) - 13.95 45.10 79.43 20.57

50,000–100,000 61.44 (1.81) (−7.73, −2.79) <0.001 9.67 33.14 76.02 23.98
>100,000 63.66 (1.79) (−9.97, −4.98) <0.001 6.53 *** 29.64 *** 72.09 27.91 **

Education
≤Secondary school † 59.41 (1.64) 9.57 36.81 77.58 22.42
>Secondary school 61.00 (1.86) (−3.59, 0.41) 0.113 10.87 35.83 74.97 25.03

Pregnancy No† 60.35 (2.15) - 11.72 36.88 75.29 24.71
Yes 51.22 (7.40) (−6.69, 24.94) 0.244 2.11 45.70 93.21 6.79 *

Smoking habits Former/non-smoker † 61.59 (1.66) - 9.98 34.12 73.82 26.18
Current smoker 53.09 (2.12) (5.74, 11.24) <0.001 14.88 * 50.71 *** 85.02 14.98 ***

Alcoholic beverages Former/non-drinker † 54.25 (2.17) - 15.72 38.15 81.44 18.56
Current drinker 61.33 (1.67) (−10.49, 3.66) <0.001 9.73 ** 34.70 *** 74.70 25.30 **

Meet the physical activity
recommendations

No † 58.79 (1.54) - 11.32 39.34 77.91 22.09
Yes 63.80 (2.34) (−8.26, 1.76) 0.004 8.01 29.54 *** 72.86 27.14 *

Clothing Uncovered † 62.07 (1.69) - 8.23 31.13 74.85 25.15
Typically covered 57.91 (2.00) (1.46, 6.85) 0.004 12.86 ** 42.58 *** 77.86 22.14

† Reference value; SE, standard error; CI, confidence interval; BMI, body mass index. p-values: * p ≤ 0.05; ** p ≤ 0.01; *** p ≤ 0.001.
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Table A5. Weighted means for S-25(OH)D (nmol/L) by season and month of blood test using Cycles
3 and 4 of Canadian Health Measures Survey data.

S-25(OH)D (nmol/L)
p-Value

Mean (SE) (95% CI)

Season

Winter † 53.80 (2.47) -
Spring 54.63 (1.41) (−7.16, 5.49) 0.786

Summer 66.13 (2.38) (−18.50, −6.16) <0.001
Fall 66.00 (3.63) (−20.59, −3.83) 0.006

Month

January † 57.67 (9.25) -
February 47.13 (6.17) (−25.73, 4.65) 0.164

March 52.02 (9.57) (−28.63, 18.86) 0.674
April 57.31 (1.64) (−23.46, 3.10) 0.126
May 55.00 (2.17) (−21.38, 5.63) 0.240
June 63.34 (8.61) (−38.14, 5.73) 0.140
July 68.02 (5.41) (−37.88, −3.89) 0.018

August 67.78 (7.31) (−40.77, −0.53) 0.045
September 72.08 (10.24) (−49.86, −0.04) 0.050

October 67.34 (5.39) (−37.99, −2.42) 0.028
November 57.52 (2.80) (−24.80, −4.02) 0.149
December 59.20 (13.18) (−42.89, 18.75) 0.425

† Reference value; SE, standard error; CI, confidence interval; p-values ≤ 0.05.

Table A6. Weighted mean S-25(OH)D concentrations (nmol/L) by immigration status and season using Cycles 3 and 4 of
Canadian Health Measures Survey data.

Non-Immigrant † Immigrant

Mean (SE) Mean (SE) (95% CI) p-Value

Season

Winter 55.36 (2.33) 47.79 (4.55) (−0.67, 15.82) 0.070
Spring 56.94 (1.62) 47.71 (3.07) (2.27, 16.19) 0.012

Summer 70.03 (2.23) 55.21 (1.76) (9.28, 20.36) <0.001
Fall 68.11 (3.55) 54.87 (3.95) (8.00, 18.47) <0.001

† Reference value; SE, standard error; CI, confidence interval; p-values ≤ 0.05.

Figure A1. Weighted prevalence of S-25(OH)D status for immigrants from different ethnic groups using Cycles 3 and 4 of
Canadian Health Measures Survey data.
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Figure A2. Weighted prevalence of S-25(OH)D status for immigrants by region of birth using Cycles
3 and 4 of Canadian Health Measures Survey data.

Figure A3. Weighted prevalence of S-25(OH)D status by country of birth using Cycles 3 and 4 of
Canadian Health Measures Survey data.
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