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Abstract

Background

Severe vitamin D deficiency can impair muscle strength. Tindyshims were to examine
physical performance in the hands and upper legs, and analyze gdmdroxyvitamin D
(25(0OH)D) concentrations in women with presumably low (veiled, $dman) and high
levels (unveiled, Swedish-born).

Methods

Women (n=123, 58% Swedish) enrolled at a Swedish antenatal clinicdéat0° N, wer;
recruited. Plasma 25(OH) D was analyzed, measured as nrificategorized as <10 =
undetectable, 10-24, 25-49, 50-74 or >75. Muscle strength was tested: maxidhgtipp
strength (in Newtons, N), and upper leg performance (categorizatalesdanable to perform
squatting, standing on one leg, standing from a chair, and liftieiy kips). Social an
anthropometric data were collected. Non-parametric statigtsted the data for differenges
in their ability to perform the tests across 25(OH)D caiegotUndetectable values (<O
nmol/L) were replaced with ‘9’ in the linear correlation stats A final main effect model
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for grip strength (in N) was calculated using stepwisealinegression for independent
variables: country of birth, 25(OH)D levels, age, height, weight, iplyactivity, lactatior
status, parity, and gestational age.

Results

Somali patrticipants (35%) had 25(OH)D levels of <10 nmol/L, and 90% R&dnsol/L;
10% of Swedish participants had <25 nmol/L of 25(0OH)D, and 54% had <50 ni8otfiali
women had a relatively weak grip strength compared with Swedishew. median 202 N
(inter-quartile range 167—-246) vs. median 316 N (inter-quartile r2nge359), respectively.
Somali women were also weak in upper leg performance: 73% webéeuonasquat, 29%
unable to stand on one leg, and 21% could not lift their hips (notisamifacross 25(0OH)D
categories); most Swedish women could perform these teskse fimal model, grip strength
(N) was significantly associated with 25(OH)D levels (B 0.94, p=0.@g)ther with Somali
birth (B —63.9, p<0.001), age (B 2.5, p=0.02) and height (B 1.7, p=0.01)

Conclusions

Many Somali women had undetectable/severely low 25(OH)D contienga and
pronounced hand and upper leg weakness; grip strength was strongliatadsedth
25(0OH)D. Maternity health care personnel should be aware ointtrisased frequency and
manage care accordingly.
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Background

Ultraviolet B radiation induces skin synthesis of vitamin D3. The suhe@ most important
source of ultraviolet B radiation. Preventing this radiation froachang the skin reduces
vitamin D3 production [1,2]. The heart of Scandinavia lies on tfeBdallel, where the
angle of the sun limits vitamin D3 production to six months around suriBhefor the
remaining part of the year the ultraviolet B radiation is absorlgegtidoatmosphere. Darkly-
pigmented persons who wear veiled clothing and who live at higtiteidiss often produce
insufficient vitamin D3 during much of the year [2]. Foods such asfigity milk, egg yolk,
and some mushrooms, are a secondary source of vitamin D3 [4].

Ultraviolet B radiation transforms 7-dehydrocholesterol to vitaBin the skin. Vitamin
D3 is hydroxylated to 25-hydroxyvitamin D (25(OH)D) in the lieerd then transported by a
vitamin D binding globulin to muscle cells where it is activatedailcitriol [2,5,6]. 25(OH)D
has an influence on enzyme systems within muscle cells [5,7,&H)B( deficiency may
lead to symptoms of myopathy [9,10]. Polymorphisms in the vitamincBpter account for
individual differences in skeletal muscle strength [11]. The anabtikcts of 25(OH)D are
related to increased muscle volume and enhanced contraction atadioelaf muscles [2],
while 25(OH)D deficiency may cause atrophy and weakness [12,13amWMit D3



supplements may improve muscle strength when given to elderprgei{14], and to
younger people who are 25(OH)D deficient (<25 nmol/L) [14].

Skin synthesis of vitamin D3 decreases with age [8]. As a consegjugiany studies have
tried to evaluate the vitamin D status of elderly persons and ltve@r extremity function

[7,15-20]. Little is known about the hand strength and/or physical peafaenin pregnant
women, or their 25(0OH)D status, possibly because pregnant andnigatatmen are often
excluded from studies [21]. Despite this, gestational diabetesclareygsia [22] and birth

complications have been tentatively linked to vitamin D insufficiency in US st[#8e29].

A historic case report reported on osteomalacia patients witadaliwg gait and muscle
weakness [30]. The first author of this report has also observed aingaddlt among his
female patients born outside of Sweden, especially women coming 8omalia
(unpublished data). In Sweden, there are few data regarding vikastigtus in the general
population and pregnant women, and no information about the possible consequences of
vitamin D deficiency. One recent Swedish study showed that pre§uenali women often
have severe vitamin D deficiency, but no clinical data were pted¢31]. Severe vitamin D
deficiency may also impair muscle strength in younger woamehinterfere with activities of
daily living, for example childcare. Immigrant children have a higbhquency of
unintentional injuries according to Scandinavian studies [32-34]. These dinigetors
contributed to the rationale for a project to explore physical pedioce and 25(OH)D levels
in pregnant women, with the focus on immigrant women, and darkly-pigchent veiled
women in particular. The overall aim of the project was to imptbedunction and lifestyle
of all pregnant women and new mothers by providing them with adeqon&teatal and
primary health care. The primary outcome variables were gapgth, physical performance
of the lower limbs, and plasma concentrations of 25(OH)D in a group of pregnanhvaoche
new mothers with presumably low 25(OH)D concentrations (i.e.dse8emali-born women)
and high concentrations (i.e. unveiled, Swedish-born women).

We hypothesized that grip strength and physical performandéeinupper legs would
correlate with 25(OH)D levels, and that this correlation would besraeident in the lower
25(0OH)D concentration ranges, which are often measured in Somali women.

Subjects and methods

Recruitment procedure

This study was designed as a cross-sectional study. It wasateddn a primary care
antenatal clinic located in a mid-sized Swedish industrial town on thpaa@llel.

We chose a study period in the late spring to reflect thetseftd the dark season, when low
levels of ultraviolet B radiation affects 25(OH)D production, esgigam darkly-pigmented
or veiled personsA retrospective design was chosen to minimize the seasonatsetie
ultraviolet B radiation. This design required women at a spedcifie of the year, rather than
women at a specific gestational age; this enabled us to contipéetelood sampling and
physical tests during a limited period of time. In doing so, thdyspopulation included
women in all trimesters, as well as new mothers.



Sixty participants were needed (30 Swedish; 30 Somali) to @thpower and: error of

0.05, according to a power calculation using data from an unpublished pdgt $his study
of 25(0OH)D in consecutive female patients (n =30 veiled; n = 12 il@ayehad mean
25(0OH)D values of 17 nmol/L (Standard deviation 13.0) and 35 nmol/L (Staddwaiation

28.0), respectively. The power calculation was approved by the regtbicd eommittee at
Uppsala (D nr 2010/40), Sweden.

The study group was recruited retrospectively from Somali andliSlvevomen enrolled at
an antenatal clinic from May 2010 over 21 months (Somali) and 9 m@&thsdish). A
retrospective enlisting procedure was performed to reachtis&tipower. Therefore, the
initial study population that was needed equated to roughly 75 Swedisht dadst 50
Somali women.

Women <18 years old were excluded, as were women from countr@stiohn Sweden and
Somalia and those who had severe mental or somatic disorders. Chbixingpvered the
arms, legs and head was considered to be concealing (i.e. veiled clothing).

Overview of sampling procedure

A list was provided by the antenatal clinic containing the naamelsparity of 118 Somali
women (from the previous 21 months) and 309 Swedish women (from the prévious
months). The country of birth was identified by a Somali assistarde and the head
researcher, using the criterion of surname and language. All therwaere categorized as
primi- or multi-para. The Swedish women were then randomized tdrttegcSomali women

by categorized parity.

All of the participants were sent an information letter in &ale In addition, a Somali
version of the letter was sent to the Somali women. The Somalewoevere contacted by
phone by a Somali nurse assistant, who read the information in Sbthalwoman had low
literacy; the blood sampling dates were provided and written comgentoffered to the
women who wanted to participate. The Swedish women were contactemebyf the

research doctors via phone.

A total of 140 women (out of 217 that were contacted, or 64.5%) presamtéuefblood
sampling and consenting (82 Swedish; 58 Somali). Participants wem gischeduled time
for ten days later, with one of two research doctors, for physetd, questionnaires and
information. This time interval was required for the distribution andlyses of blood
samples.

Finally, a total of 123 women (56.7% or 123/217) returned to the doctors wieye t
completed the questionnaires and physical tests; these womenutedstite final study
population (71 Swedish; 52 Somali women). There were no statistftededces between
the participating women and the non-participants.

Methods

Venous blood samples were collected and centrifuged. Serum vitamas Dheasured using
Lisason 25 OH Vitamin D total assay (DiaSorin, Stillwaternidisota, USA) at the Clinical
Chemistry Laboratory at the University Hospital, Uppsala, Swedesertified laboratory.



The other assays (ALP, PTH, Ca, albumin) were measured using Adrobttect ci8200

(Abbott Laboratories, Green Oaks, lllinois, USA) at the Departroe@linical Chemistry,

Falun Hospital, Sweden. Hemoglobin and glucose were measured rogGde System
(HemoCue Sweden, Angelholm, Sweden) at an antenatal clinic tsatjwedity accredited.
The alkaline phosfates (ALP), parathyroid hormone (PTH) and ®eamscalcium were
analyzed to monitor metabolic skeletal activity. Hemoglobin and gtuaese measured in
the baseline blood samples in order to screen for non-vitamin-2delaasons for fatigue
and muscular weakness.

Anthropometric measurements were performed and questionnairesdrgrestéered by the

doctors about the participant’s lifestyle, pain and medication hjstanycurrent diseases,
socio-cultural variables, caesarean section history, gesthtage, and lactation history.
Physical activity was self-reported and measured as 0, 1, dbifselor >3 times weekly

(often). The participants then performed a range of physical tests.

General advice about adequate sun exposure and food was given by ting ocirds the
end of the encounter. Finally, the doctor opened a sealed envelope ogntaaresults of
the 25(0OH)D tests, and the women with 25(OH)D levels <50 nmol/Le vipeescribed
standard preparations of vitamin D and calcium. Thus, the doctorshiweded until this
point in relation to the blood test results.

Grip strength and physical performance

Tests on the physical function of the hand and upper leg musclescthvesen to reflect
everyday activities. The upper leg tests were adapted to avoicem®bhen performed by
pregnant women, women who had recently given birth, and/or who had undergarenia r
caesarean section.

Hand

Peak grip strength, defined as the highest value of three fostaésach hand, was measured
using a hand dynamometer (“GRIPPIT”, AB Detektor, Gothenburg, Sweshel reported in
Newtons (N) [35,36].

Upper leg

Four upper leg tests were performed and rated by the doctdomasvithout effor{able), or
not done(unable):

a. Squatting. The person squatted and rose once;

b. Standing on one leg. Tested for 30 seconds [37];

c. Hip lifting test (Trendelenburg’s sign): the woman stood with one hand high up the wall
and lifted the opposite leg for 30 seconds [19];

d. Ability to stand up from a chair (sit to stand): the person sat down and stood up fise time
with hands folded across their chest.



Statistical analyses

Mean values with 95% confidence intervals (95% CI) were calcufateinterval data, and
median values (md) with inter-quartile ranges (IQR) calcdléte ordinal data and small
numbers.

The 25(0OH)D concentrations were examined as: 1) a continuous vanaitrtelized by

transformation using the natural logarithm where the undetectatdks lef 25(OH)D were
replaced by the number ‘9, and 2) categorized according tereliff standards, i.e.
‘Undetectable’ (<10 nmol/L), ‘Deficient’ (10—24 nmol/L), and ‘Insuffiote(25-49 nmol/L);

the higher levels were classified as ‘Adequate’ (50-75 nmol/L) @utirhal’ (>75-250

nmol/L) [38].

Chi-square statistics, the Mann—-Whitney U test, ANOVA, and $-teste used to compare
median and mean values between the two groups of women. Spearnm&ntomaelation
coefficient (rho) was calculated for grip strength acralé25(OH)D categories. Kruskal—
Wallis and Mann-Whitney U tests were used to calculate signifidifferences in the
distribution of the participants’ inability to perform the upper tests, across the 25(OH)D
categories. Pearson correlation statistics were used to exjper uni-level association
between 25(OH)D levels and grip strength.

A final main effect model was calculated using stepwiseadl regression to examine
significant predictors for maximal voluntary grip strength amthreggindependent variables:
country of birth, age, height, weight, 25(OH)D level, physical agtigéstational age, parity,
and lactation status.

Two-sided significance tests were used. A p-value of 0.05 or l@ssonsidered statistically
significant. Data were analyzed using IBM SPSS Statisticsiovets, New York, USA.

Ethical approval

The study was approved by the regional ethics committee tbeatdppsala University (D
210/140), Sweden.

Results

General information

The study population included 123 women (71 Swedish; 52 Somali). The majbbtyth
groups, Swedish (57%) and Somali (67%) reported that they were d¢elpplealthy, with

the remainder reporting allergic or gastrointestinal probldins.groups of women differed
significantly in a variety of ways. More Somali women wereastfeeding (72% vs. 29% of
Swedish women [p < 0.05]), while 2% of Somali women also were eedstg when
pregnant (versus nil in the Swedish group). Other significant reiftes between the
Swedish and Somali groups included: age (mean 30.7 years; 95% CIl 29.6-31.8, vs. 28.3
years; 95% CI 26.6—30.0, respectively, p < 0.05), education (mean 13.8 yearG] 93%—

14, vs. 3.3 years; Cl 2.3—-4.4, respectively, p < 0.001), height (mean 167 cm; 9656-Cl

169, vs. 161 cm; 95% CI 160-163, respectively, p < 0.001), systolic blood pressare (me
113 mmHg; 95% CI 110-115, vs. 104 mmHg; 95% CI 101-107, respectively, p < 0.001) and



number of children (md 1; IQR 1-2, vs. 3; IQR 1-5, respectively, p < 0.001) Swedish

and two Somali women had recently given birth, one of whom had undergoesaiean
section and therefore did not perform the squatting test. Four Samalen (4/52) had a
hemoglobin count <100 g/L (89-99) during pregnancy. No woman had a history of
significant blood loss during delivery. None of the women wep®iveng narcotics or
anxiolytic analgesics; mild analgesics were the only onggomedications. The above
variables did not vary significantly across the categories of 25(OH)D.

25(0OH)D

Swedish women had higher reported 25(OH)D levels (p < 0.001; mean 49.5 hddollt
53.8]) while the mean level for the Somali women could not be calduteteause one third
had undetectable values. Therefore, categories of 25(OH)D wseet in the calculations
instead (Table 1)The first table shows that 90% of the Somali women had a 25(OH)D
deficiency with levels <25 nmol/L. Notably, 35% of the Somali worhed undetectable
plasma 25(OH)D. The Somali women with low categories of 25(OH)Dgarticularly high
PTH levels. Levels of PTH were not associated with gestatiage) recent delivery, or
lactation status.



Table 1Distribution of the social and clinical data of 71 Swedish and 52 Somali woméy categories of 25(OH)D (nmol/L), with mean
values and 95% confidence interval (95% CI) of interval data and median values (IR) of ordinal data, and number (n) and frequencies

of categorical data

25(0OH)D Categories p

<10 10-24 25-49 50-74 >75
Swedish, n (%) 7(9.9) 31 (43.7) 29 (40.8) 4 (5.6)
Somali, n (%) 18 (34.6) 29 (55.8) 4 (7.7) 1(1.9)
Variables
PTH, mean 95% ClI
Swedish 4.4(2.5-6.4) 4.8 (3.8-5.7) 4.4 (3.4-5.3) 5.7 (0(8)
Somali 16.2 11.1 6.8

(7.7-24.7) (9.4-12.9) (2.0-11.7)
Age, years
Swedish - 31.7 29.9 31.2 31.0

(24.8-35.6) (28.2-31.7) (29.4-32.9) (18.7-43.3)

Somali 26.7 29.0 28.3 360

(23.4-30.0) (26.7-31.4) (16.7-35.8)
Height, cm
Swedish 164(158-169) 168(166-170) 167(165-170) 171(163)-179
Somali 161(159-163) 162 (159-164) 165(160-169) 155
Pregnant, months
Swedish - 6.3 (4.3-8.4) 6.1 (5.3-7.0) 5.9 (5.1-6.8)
Somali 6.2 (5.4-7.0) 5.8 (3.7-8.0) -
Parity, n
Swedish 1(0-2) 1(0-2) 1(1-1.5) 1(0.5-1) 0.02
Somali 1 (0-4) 3 (2-6) 2.5 (1-5.5) 3
Activity/week., n
Swedish - 3(0-3) 0(0-3) 3 (0-3) 3(1-3) 0.04
Somali 0 (0-3) 1.5 (0-3) 3 (0-3)

Analysis of variance test of variance (ANOVA) fagmsificant differences in means between groupstdrival data. Kruskal-Wallis test was used for gigant differences

in medians across categories of 25(OH)D. PTH inlimo
Significant p-values are in bold.



In comparison, 10% of Swedish women had a deficiency and 54% had iestffevels,
with levels <50 nmol/L. The mean value for the Swedish women was 50Lnmooly 6% of
the Swedish women had levels >75 nmol/L.

Two variables differed significantly in distribution between th&egaries of 25(OH)D by
country of birth. In the Somali group, the number of children increasethd higher
25(0OH)D category (p = 0.024). In the Swedish group, the number of weeklsical
activities increased in the higher 25(OH)D categories (p = 01y also performed
significantly better in three of the four upper leg tests p001); the sit to stand test was the
exception (see Table 2).

Table 2 Categories of 25(0OH)D concentrations (nmol/L) and the median (md) values of
grip strength (0—600 Newton) with inter-quartile ranges (IQR) and the nmber (%) of
women by country of birth who were unable to perform the upper leg mude tests
unaided

25(0OH)D Categories <10 10-24 25-49 50-74 >75
Swedish, n 8 31 28 4
Somali, n 18 29 4 1
rhé
p
Grip strength,md (IQR) 173 223 311 326 313 0.68
(143-219) (189-258) (267-354) (294-370) (303-41%5)001
Swedish 264* 318* 327 313 0.21
(202-327)  (293-344) (305-349) (303-415) .078
Somali 173 211 223 292 0.35
(143-219) (187-244) (106-285) .012
Inability to: n (%) P
Squat
Swedish 0 0 0 0
Somali 15 (83.3) 18 (64.3) 4 (100) 1 .33
Sit to Stand
Swedish 0 0 0 0
Somali 1 (5.6) 1(3.6) 0 0
Trendelenburg
Swedish 0 1 0 0 0 .65
Somali 5(27.8) 5(17.2) 1(25.0) 0 .46
Stand on one leg
Swedish 2 (6.5) 1(3.6) 1(25.0) .57
Somali 5(27.8) 8 (27.6) 1(25.5) 1 (100) - 2.7

#Spearman rho with p-values below.

* p < 0.05 Mann—Whitney U test compared with theuyr below.

b Tests of distribution across 25(OH)D categorie&huskal-Wallis test.
Significant p-values are in bold.

Table 2 shows that the Swedish women had a significantly strongemggip strength than

the Somalis in the ‘10-24’ and ‘25-49’ 25(OH)D categories (264 N, SwedisBldsN,
Somali and 318 N, Swedish vs. 223 N, Somali, for the respective plasgesydoth p <
0.05). It also shows that grip strength correlated with 25(OH)Bgories: overall Spearman

rho 0.68; p < 0.001; by country: Somali rho 0.35 (p = 0.01), Swedish rho 0.21 (p = 0.078).
Three quarters (73%) of the Somali women were unable to squat, aféro(21%) had a
positive Trendelenburg’'s sign, but there were no statistically feignt differences in
distribution across the 25(OH)D categories. In addition, 29% of tdmat women were



unable to stand on one leg; these results did not reach stasgiitéicance across all of the
25(0OH)D categories. In addition, there were no significant @iffees in test results between
lactating and non-lactating women (chi-square test).

Figure 1 illustrates that the 25(OH)D concentrations (nmol/L) gyl strength (N) had a
significant linear correlation (0.65, p < 0.001).

Figure 1 Pearson correlation coefficient corr. 0.65, p < 0.00Lindetectable values of
25(0OH)D were replaced with the number ‘9’ in the calculation.

The final main effect model in Table 3 shows that grip streg)hwas predicted by the
25(0OH)D levels (B 0.94, p = 0.013), adjusted for country of birth (B —63.90®&1), age
(B 2.5, p = 0.015) and height (B 2.6, p = 0.012). Physical activity, lactaatussparity and
gestational age had no significant relationship with observed grip strength.

Table 3Final main effect model using linear regression with stepwise exdion for
maximal voluntary grip strength in 123 pregnant women and new mothers

Variable B 95% CI p

25(0OH)D 0.94 (0.21-1.68) .013
Country 63.9 (-97.9 - -29.9) <.001
Age 2.5 (0.15 - 4.60) .015
Height 2.6 (0.59 — 4.65) .012

Independent variables included at the first step: country tf, 5(OH)D level, age, height, weight,
physical activity level, lactation status, parity, gestational age

Unstandardized (B) with 95% confidence intervals (95% @4d) pvalues. Significant p-values are in
bold.

Discussion

In summary, one third of the Somali women had undetectable (<10 nmubk)na
25(0OH)D, whereas nearly half the Swedish women had levels >%0/Lnnfrurthermore,
nearly all Swedish women had a much stronger grip than the avBagali woman. Grip
strength was linearly associated with plasma 25(OH)D, age agiat,nend also with country

of birth. In addition, most Somali women had obvious problems with weak upger le
muscles, but this finding had no statistically significant association with [0@t+2%) levels.

Our hypothesis was partly confirmed because only grip strength ahastatistically
significantly association with the 25(OH)D concentrations. Otlhetofa such as lifestyle and
socio-cultural attitudes to gender roles, age, and physical gdéviels may have contributed
to the poor physical performance among our Somali women, espeaeigdlsding their upper
leg function; this finding has been reported by other authors [39]hdfudtudies are
warranted to bridge this knowledge gap.

As in other studies, we observed that the concentrations of 25(OH)D didliffet
significantly between the pregnant women and new mothers [40]. pfagyant immigrant
women seem to have low 25(OH)D concentrations [41]. In the United Kingtlaras found
that more than half of recent mothers with immigrant backgrouvats 25(OH)D <25
nmol/L, and another 15% had <12.5 nmol/L [4,42]. Of note, the Somali women itudyr s



had much lower levels than in that study, and a sizeable proportion hattatable
concentrations.

In total, 93% of our Swedish women had a grip-strength above the Soedikn value of
202 N, a value close to that performed by Swedish women in another[3&)d{owever,
the mean grip strength of our Somali women was comparable to va&asired in pregnant
Ethiopian women [43]. Overall, the poor physical performance obsemve icurrent study
implies poor general health in this sub-group of pregnant women.impe&irment could
affect their ability to nurse their newborn babies [44]. Furtheemlmw plasma 25(0OH)D
might also cause poor intrauterine contractions during labor [25,27].

The association between 25(OH)D concentrations and muscular penfoens well-known,
particularly in elderly persons [20]. In a Danish study of 55edei\rabic women and 22
Danish controls, vitamin D treatment improved quadriceps muscle §@y@érUltraviolet B
radiation has also been suggested to improve athletic performanete\ating plasma
25(0OH)D [2]. Our study contributes further evidence, in that even &btay-standing
deprivation of ultraviolet B radiation, the 25(OH)D concentration etates to hand-grip
strength, which confirms that ultraviolet B radiation affects neusttength via 25(OH)D [2].
Recently, vitamin D requirements in the United States wefise@ upwards with regard to
soft-tissue health [45]. There is currently no consensus in Swedetutf@ff points for
vitamin D insufficiency based on serum 25(OH)D [40].

The independent variable in this study was 25(OH)D. It was ¢rigiithe method used to
measure it was valid and reliable. There are different metlwwdadasuring vitamin D and
its free variants [46]. Our laboratory had consistently loweueslby 10-20% than the
specific LC-MS reference methods used at other laboratories [24,47].

Notably, PTH affects calcium levels via the *“classicalhpaty” compared with the
proportional effect of 25(OH)D that was the focus here. Many ofSmmali women had
elevated, and even high PTH plasma concentrations. PTH is meesuwlgdn primary care

practice. In this instance, PTH was measured only to indreataption of bone mass. In
comparison, in another study researchers examined the combingd effedamin D and

PTH on physical performance [12].

Strengths and limitations

This is the first Swedish study that has demonstrated exydovelconcentrations of vitamin
D in Swedish residents who have immigrated from Somalia. Thiwiéirst Swedish study
about the correlation between physical performance and 25(OH)Dglasasurements. To
the best of our knowledge, there are no previous published studies omegrgihstupper leg
performance, and 25(OH)D levels in pregnant, newly pregnanttitertarkly-pigmented
veiled women, or Swedish pregnant women living in the high nortlaéitndes. In addition,
this study is one of first that concerns vitamin D status innauggwomen in Sweden; it has
shown that 25(OH)D deficiency also exists in younger Swedish walueng spring, and
confirms that Somali-Swedish women are often severely dafficre vitamin D, with
important consequences for many target organs. The strength @searah lies in its real-
world cross-sectional design, with blood and physical tests petbduring a short defined
period after winter. However, the results presented here musteper@ted with caution and
should not be widely generalized, but it may be possible to trate&fdindings to similar
populations. A limitation is the rather small study group. Allhe findings from this study



are preliminary and need further exploratory studies, e.g. rel&ingttitudes to sun
exposure, levels of sun exposure, veiling, food intake, breastfeeding gueigngancy, and
the role and implications of darkly-pigmented skin in real life.

Clinical significance

Maternity health care personnel should be aware of the incrdesgaency of severe

25(0OH)D deficiency among young women exposed to diminutive sun mdibécause of

dark skin pigmentation and the use of protective clothing. Notably, ggwer below 20 kg

(200 N) is likely to have negative effects on childcare and haukewnd may also increase
the risk of accidents. Health equity in antenatal care reqf@ss on nutrition status,
especially in migrant women [48].

Conclusions

Many of the Somali women in this study had undetectable or \@my 25(OH)D
concentrations and pronounced muscle weakness in the hands and upper leggriwher
strength was strongly associated with low 25(OH)D concentratibngse findings have
implications for the antenatal care of this population. Maternigtiheare personnel should
be aware of this increased frequency and manage their care accordingly.
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