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Abstract
Objective
To investigate the association between mineral intake (potassium, magnesium, calcium,
phosphorus, iron, zinc, manganese, copper) and multiple sclerosis (MS) risk.
Methods
In a prospective cohort study, we assessed dietary and supplemental mineral intake by a validated food frequency questionnaire administered every 4 years to 80,920 nurses in the Nurses’
Health Study (1984–2002) and 94,511 in the Nurses’ Health Study II (1991–2007). There
were 479 new MS cases during follow-up. We estimated hazard ratios and 95% conﬁdence
intervals for the association of energy-adjusted mineral intake with MS risk using Cox regression, adjusting for age, residence latitude at age 15, ancestry, body mass index at age 18,
supplemental vitamin D, smoking, and total energy intake.
Results
We did not ﬁnd any association between the minerals and MS risk, either for baseline or
cumulative intake during follow-up. The associations were null comparing women with highest
to those with lowest intakes in quintiles or deciles and there was no signiﬁcant trend for higher
intakes (ptrend across baseline quintiles: potassium 0.35, magnesium 0.13, calcium 0.22,
phosphorus 0.97, iron 0.85, zinc 0.67, manganese 0.48, copper 0.59).
Conclusions
Our ﬁndings suggest that mineral intake is not an important determinant of MS risk.
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Glossary
AI = adequate intake; ALA = α-linolenic acid; BMI = body mass index; CI = conﬁdence interval; FFQ = food frequency
questionnaire; HR = hazard ratio; MS = multiple sclerosis; NHS = Nurses’ Health Study; NHSII = Nurses’ Health Study II;
RDA = Recommended Daily Allowance; WLVS = Women’s Lifestyle Validation Study.

Higher vitamin D intake from multivitamins has been associated with a lower multiple sclerosis (MS) risk, but an additional beneﬁcial eﬀect of other multivitamin components
could not be excluded.1 Minerals may play a role in MS
pathogenesis due to their involvement in cell function, enzymatic activity, and immunobiological and antioxidative
mechanisms.2,3
Results of previous studies suggest that minerals could play
a role in MS activity and progression.4–7 In one study,
imbalances in serum trace elements and decreased serum
antioxidant capacity were related to conversion to deﬁnite MS
after a ﬁrst clinical event.5 Yet, disease-related mechanisms or
treatment after disease onset could underlie these changes
and the evidence for a role of minerals in MS pathogenesis is
scarce and preliminary, as based on ecological, cross-sectional,
and retrospective studies.8–12 Zinc has been of particular interest due to its immune-regulating anti-inﬂammatory and
antioxidant potential.2,13 While zinc levels seemed to be lower
in patients with MS6 and zinc may ameliorate experimental
autoimmune encephalomyelitis, an MS animal model,14,15 its
role in MS etiology is unclear.
We therefore investigated prospectively whether intake of the
minerals potassium, magnesium, calcium, phosphorus, iron,
zinc, manganese, and copper were associated with MS risk in
the Nurses’ Health Study (NHS) and the Nurses’ Health
Study II (NHSII), 2 large US cohorts of women with a long
follow-up.

Methods
Study design
The NHS and NHSII are prospective cohort studies that
started in 1976 (NHS, 121,700 participants) and 1989
(NHSII, 116,671 participants), including female registered
nurses who lived in 11 (NHS) or 14 (NHSII) US states,
and were 30–55 (NHS) and 25–42 (NHSII) years old at
inclusion. They are followed over time with biennial selfadministered questionnaires collecting information on a variety of lifestyle exposures and health-related outcomes, with
a high response rate (about 90%) in both cohorts in each
questionnaire cycle.
Standard protocol approvals, registrations,
and patient consents
The institutional review board of Brigham and Women’s Hospital approved these cohort studies. The return of a completed
questionnaire implied informed consent by the participants.
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Neurology | Volume 92, Number 18 | April 30, 2019

Assessment of total intake of
different minerals
Diet was assessed every 4 years in 80,920 women in NHS
(1984–2002) and 94,511 women in NHSII (1991–2007),
using a validated semiquantitative food frequency questionnaire (FFQ), described in detail elsewhere.16,17 The FFQs
collected information on average portion sizes (e.g., 1 slice of
bread, 2 slices of bacon, 1 8-oz glass of milk) and frequency of
usual consumption (“never or less than once per month,”
“1–3 per month,” “1 per week,” “2–4 per week,” “5–6 per
week,” “1 per day,” “2–3 per day,” “4–5 per day,” or “6+ per
day”) over the previous year of about 130 diﬀerent food items
covering dairy products, fruits, vegetables, breads/cereals/
starches, eggs/meats, beverages, and sweets/baked goods/
miscellaneous. In addition, participants were asked about their
supplement use. Follow-up questions inquired about brands
and frequency (multivitamins) and daily supplementation
doses (e.g., zinc: <25, 25–74, 75–100, >100 mg).
Minerals are essential nutrients, some of which are needed in
small amounts (trace elements). The FFQ covers the major
contributing food and supplemental sources.18 In this study, the
main potassium sources (adequate intake [AI]19: 4,700 mg/d)
were coﬀee (contributing 4.0%–8.8% of total intake depending
on the year and the cohort), milk (3.6%–9.3%), and potatoes
(4.2%–7.3%); the main magnesium sources (Recommended
Daily Allowance [RDA]19: 320 mg/d) were multivitamins/
magnesium supplements (3.8%–13.6%), coﬀee (4.0%–10.0%),
milk (4.5%–10.1%), and cold cereals (3.5%–5.6%); the main
calcium sources (RDA: 1,000 mg/d) were dairy products
(17.3%–80.5%) and multivitamins/calcium supplements
(9.6%–36.5%); phosphorus (RDA: 700 mg/d) came primarily
from dairy products (16.7%–22.5%) and meat (3.3%–7.7%).
Top iron sources (RDA: 18 mg/d in women) were
multivitamins/iron supplements (22.3%–42.0%), cold cereals
(10.2%–17.8%), and beef (2.5%–7.0%); top zinc sources (RDA:
8 mg/d) were multivitamins (10.5%–36.9%), zinc supplements
(6.2%–16.2%), beef (3.8%–14.9%), and cold cereals
(4.9%–6.9%); top manganese sources (AI: 1.8 mg/d) were
multivitamins (9.6%–34.9%), cold cereals (7.5%–12.3%), tea
(4.1%–9.8%), and oats (3.1%–7.3%); copper (RDA: 0.9 mg/d)
came primarily from multivitamins (13.5%–39.6%), liver
(2.4%–8.1%), and potatoes (3.1%–7.2%). The FFQ neither
captures copper in drinking water derived from water pipes nor
selenium as the amount in plants depends primarily on soil
enrichment and varies thus by location.20
The mineral content in diﬀerent food items and supplements
was determined using the Harvard21 FFQ Nutrient Database,
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which is regularly updated and expanded for average nutrient
content. Intakes of each mineral were estimated by multiplying the content of each source by the woman’s reported
frequency of intake, with frequency weighted such that “1 per
day” equaled 1. Total intake of a speciﬁc mineral was calculated by summing intake across the diﬀerent sources. Subsequently, we adjusted the mineral intake for energy intake
using the residual method to isolate each mineral’s contribution to risk independent of total caloric intake or food
quantity consumed.22
The measurement of these minerals by FFQ has been validated in the context of the Women’s Lifestyle Validation
Study (WLVS), conducted among participants in the NHS
and NHSII with data collection over an approximately 1-year
period in 2010–2012 to assess the measurement error that can
occur when dietary exposures are self-reported.23 Using
a slightly expanded version of the FFQ used in the original
nurses cohorts with in total 152 food items to include newer
foods, the energy-adjusted de-attenuated (random error–
corrected) Spearman correlations between the assessment by
FFQ with that from 7-day dietary records including foods and
supplements were overall strong (potassium: r = 0.65, magnesium: r = 0.75, calcium: r = 0.74, phosphorus: r = 0.67, iron:
r = 0.58, zinc: r = 0.68, copper: r = 0.63), as were the correlations with that from 24-hour dietary recalls (potassium: r =
0.64, magnesium: r = 0.73, calcium: r = 0.68, phosphorus: r =
0.68, iron: r = 0.55, zinc: r = 0.53, copper: r = 0.52). Manganese was not assessed in the WLVS, but within a previous
study using NHSII data collected by FFQs, manganese intake
highly correlated with that of magnesium (r = 0.65) and
copper (r = 0.62),24 arguing that FFQs are likely to well
capture manganese.
Case ascertainment
Women reported their diagnosis of MS on the biennial
questionnaires. We subsequently asked them for permission
to contact their treating neurologist and review their medical
record. Since 2003, our study neurologist (T.C.) has been
reviewing all medical records for conﬁrmation. In this study,
we deﬁned the outcome as neurologist-conﬁrmed probable or
deﬁnite MS diagnosis according to date of diagnosis. Cases of
possible MS were not included. There were 479 new cases of
probable or deﬁnite MS diagnosed during follow-up (130 in
NHS, 349 in NHSII) among women who also completed the
FFQs. In secondary analyses, we deﬁned the outcome
according to date of ﬁrst symptom. There were overall 289
new cases (59 in NHS, 230 in NHSII) diagnosed with
probable or deﬁnite MS during follow-up with information on
date of onset and diet.
Covariates
We categorized ancestry, reported in 1992 (NHS) and 1989
(NHSII), into Southern European, Scandinavian, Other
Caucasian, or Other in this study. Women reported their state
of residence at age 15 in 1992 (NHS) and 1993 (NHSII). The
states were categorized into northern, middle, and southern
Neurology.org/N

tier, as previously described.25 Smoking status was updated
biennially including information on number of cigarettes
smoked per day, categorized subsequently into pack-years:
never, <10, 10–24, and ≥25. Women reported their height at
baseline and their weight at age 18 in 1980 (NHS) and 1989
(NHSII). We calculated their body mass index (BMI) in kg/
m2 using these measures, and categorized them as underweight, normal, overweight, or obese (<18.5, 18.5 to
<25.0, 25 to <30, and ≥30 kg/m2) according to the cutoﬀs
suggested by the WHO. Supplemental vitamin D intake was
categorized into none, <400, and ≥400 international units per
day. Total energy intake was calculated from the FFQ.
Statistical analyses
We estimated the association between total intakes of diﬀerent minerals and MS risk during follow-up using Cox proportional hazards regression. To optimize power, we used the
date of diagnosis to deﬁne the outcome in the main analyses,
as fewer cases had a certain date of onset. Study participants
contributed, therefore, time at risk (person-years) from date
of return of the baseline diet questionnaire (NHS: 1984,
NHSII: 1991) to date of MS diagnosis, date of death, or loss to
or end of follow-up (NHS: June 2004, NHSII: June 2009),
whichever occurred ﬁrst. We used 1986 as baseline for copper
as the assessment in 1984 was incomplete in the NHS. We
included the energy-adjusted minerals as exposure in all the
analyses and replaced missing exposures with last available
values if the participant was not lost to follow-up. We assessed
age- and total energy–adjusted as well as multivariableadjusted hazard ratios (HR) and 95% conﬁdence interval (CI)
at a signiﬁcance level of 0.05. Women with daily caloric intake
of below 500 or above 3,500 kcal and those who returned only
the baseline questionnaire were excluded from the analyses.
We assessed the total intake at baseline continuously by incremental steps of 100 mg/d for potassium, magnesium, calcium, and phosphorus, and 1 mg/d for iron, zinc, manganese,
and copper. For the categorical analyses, we ranked participants
into quintiles according to their (1) baseline and (2) cumulative average intake. We also examined whether more extreme
exposures were associated with MS risk by ranking participants
in deciles according to their baseline total mineral intake. In all
categorical analyses, we also assessed whether there was a statistically signiﬁcant linear trend across the medians within each
quantile. The multivariable models were adjusted for ancestry,
latitude of residence at age 15, BMI at age 18, pack-years of
smoking, supplemental vitamin D, and total energy intake. The
latter 3 were updated biennially and introduced into the models
as time-varying covariates. We conducted analyses separately
for each cohort and then pooled the results using ﬁxed-eﬀects
models with the inverse of the variance of the risk estimates as
the weight, and a Q statistic to assess heterogeneity.26 Mantel
extension tests were performed to examine the trend across the
pooled categories.
In secondary analyses, we used date of onset instead of diagnosis to deﬁne the outcome and repeated the analyses of
Neurology | Volume 92, Number 18 | April 30, 2019
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continuous and categorical exposures in quintiles (baseline
and cumulative intake). Diﬀerences in the ﬁndings could indicate reverse causation when using diagnosis date, i.e., that
the disease or related behavioral changes aﬀected mineral
intake after disease onset. As we found an inverse association
between zinc intake and MS risk in these secondary analyses,
we explored whether changes in zinc intake from diet or
supplements after clinical disease onset could explain the
discrepancy between results based on date of diagnosis and
those based on date of ﬁrst symptom. To examine this hypothesis, we predated the outcome by 6 years from diagnosis
date among MS cases to approximate ﬁrst symptom. We
additionally compared the results for total zinc intake to intake from food only. Further, we assessed whether pre-onset
intake, derived from information on the last FFQ prior to ﬁrst
symptom, was important, considering the suggested antimicrobial eﬀects of zinc13,27 and the possible role of viral
infections in triggering MS symptoms.28 For this we used total
and supplemental intake (including multivitamins) in quintiles and zinc-only supplement use (yes–no). We adjusted
these pre-onset analyses also for α-linolenic acid (ALA) intake
(in quintiles) based on a previously reported inverse association between ALA and MS in these cohorts.29 For purposes
of comparison, last FFQ analyses were also conducted for the
other minerals.
Data availability
The datasets analyzed in the current study are not publicly
available because of restricted access, but further information
about the datasets is available from the corresponding author
on reasonable request.

Results
Womens’ intake of potassium was on average below RDA
while the intake of other minerals was on average at (magnesium, calcium, iron) or above (phosphorus, manganese,
zinc, copper) RDA. Women with higher total zinc intake at
baseline (table 1) had on average fewer pack-years of smoking, a higher BMI at age 18, and a higher supplementation of
vitamin D, and were less likely to have lived in the northern
tier at age 15 in both cohorts. Total follow-up amounted to
3,096,941 person-years.
There was no association between mineral intake and MS risk
(multivariable HRpooled and 95% CI for 100 mg daily
increases in potassium: 1.01, 0.99–1.03, magnesium: 1.08,
0.96–1.22, calcium: 0.99, 0.97–1.02, phosphorus: 1.01,
0.97–1.05; 1 mg daily increases in iron: 1.00, 0.99–1.01, zinc:
1.00, 0.99–1.01, manganese: 1.01, 1.00–1.02, copper: 1.08,
0.95–1.22). We also found no clear association between total
mineral intakes at baseline (table 2) as well as cumulatively
during follow-up (table 3), when comparing women ranking
in the top to those in the bottom quintile. Adjusting the ageand total energy only–adjusted models further for ancestry,
latitude of residence at age 15, BMI at age 18, pack-years of
e2130
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smoking, supplemental vitamin D, and total energy intake did
not result in any meaningful changes in the eﬀect estimates.
Total baseline mineral intakes in deciles were also not related
to MS comparing highest to lowest intake and there was no
evidence for linear trends across deciles (data not shown).
The results were not signiﬁcantly diﬀerent between the
cohorts, as indicated by probability values from the Q-statistic.
In secondary analyses using date of ﬁrst symptom as outcome,
the results were, similarly, null for these minerals, with the
exception of zinc (comparing top to bottom quintile and
ptrend across quintiles of cumulative intake, potassium:
HRpooled = 1.24, 95% CI 0.85–1.82, ptrend = 0.53; magnesium: HRpooled = 1.07, 95% CI 0.71–1.62, ptrend = 0.63;
calcium: HRpooled = 1.18, 95% CI 0.79–1.78, ptrend = 0.96;
phosphorus: HRpooled = 0.86, 95% CI 0.58–1.29, ptrend = 0.45;
iron: HRpooled = 0.97, 95% CI 0.63–1.50, ptrend = 0.99;
manganese: HRpooled = 1.35, 95% CI 0.88–2.06, ptrend = 0.30;
copper: HRpooled = 0.75, 95% CI 0.47–1.18, ptrend = 0.25). As
opposed to the main ﬁndings, women with higher total cumulative zinc intake had a lower MS risk compared to those in
the lowest quintile (quintile Q2: HRpooled = 0.80, 95% CI
0.57–1.13; Q3: HRpooled = 0.91, 95% CI 0.64–1.28; Q4:
HRpooled = 0.72, 95% CI 0.52–1.08; Q5: HRpooled = 0.52, 95%
CI 0.34–0.80, ptrend = 0.004). However, we could not reproduce this ﬁnding when using diagnosis date as outcome
and, simultaneously, predating end of follow-up by 6 years to
exclude the period in which changes in dietary habits and thus,
reverse causality were most likely (top to bottom quintile,
cumulative intake: HRpooled = 0.87, 95% CI 0.58–1.31, ptrend =
0.67). Further, high cumulative intake of zinc from food only
was not associated with MS, both when using diagnosis date
(HRpooled = 0.90, 95% CI 0.67–1.21, ptrend = 0.43) and ﬁrst
symptom as outcome (HRpooled = 0.81, 95% CI 0.56–1.18,
ptrend = 0.22). Women with the highest total zinc intake (in
quintiles) as assessed from last FFQ before onset of symptoms showed a signiﬁcantly lower MS risk (HRpooled = 0.57,
95% CI 0.38–0.86, ptrend = 0.005); a similar result was
obtained for supplemental zinc including multivitamins
(HRpooled = 0.60, 95% CI 0.38–0.93, ptrend = 0.008), but no
association was found between use of zinc-only supplements
and MS (HRpooled comparing use to no use = 1.25, 95% CI
0.87–1.79). Adjusting these multivariable models also for
ALA did not change the results. Finally, there was no association between the other minerals’ intakes in the years preceding the disease and MS risk (data not shown).

Discussion
In this prospective study, we found no evidence that intake of
minerals is related to MS risk. Although we did observe an
inverse association between zinc intake and MS risk in secondary analyses that could imply a protective eﬀect, the
overall inconsistent results for this mineral and especially the
lack of association between the intake of zinc-only supplements contributing the highest doses suggests that zinc alone
Neurology.org/N
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Table 1 Selected characteristics of women in the Nurses’ Health Study (NHS) and Nurses’ Health Study II (NHSII) by
quintiles of total zinc intakea at baselineb
Total zinc intake
Q1

Q2

Q3

Q4

Q5

Total zinc (mg/d), median

9.0

11.0

12.0

14.0

25.0

Food zinc (mg/d), median

9.0

10.0

11.0

13.0

15.0

Supplement users, %

5.2

15.4

10.2

19.5

49.7

No. of women

16,675

22,806

10,386

15,788

15,265

Age at baseline, y, mean

51.1

50.5

50.3

50.5

51.3

Scandinavian ancestry, %

3.5

4.2

4.3

4.2

4.3

Pack-years smoking, mean

13.1

11.8

11.3

11.4

11.3

BMI age 18 (kg/m2), mean

21.0

21.3

21.5

21.7

21.5

Supplemental vitamin D (IU/d), mean

78.9

84.4

94.2

100.5

281.3

Residence in north tier at age 15, %

38.8

38.3

37.1

35.8

33.8

Total zinc (mg/d), median

9.1

10.7

12.0

14.1

27.7

Food zinc (mg/d), median

8.8

10.3

11.3

12.5

14.6

Supplement users, %

11.4

14.3

14.7

19.9

39.6

No. of women

19,010

19,960

18,101

18,596

18,843

Age at baseline, y, mean

36.3

36.4

36.4

36.3

35.4

Scandinavian ancestry, %

4.2

4.3

4.5

4.4

4.7

Pack-years smoking, mean

4.3

4.1

4.1

3.9

3.7

BMI age 18 (kg/m2), mean

20.7

21.2

21.5

21.6

21.3

Supplemental vitamin D (IU/d), mean

71.1

74.1

76.0

89.3

333.7

Residence in north tier at age 15, %

32.3

31.9

29.8

28.1

30.1

NHS

c

NHSII

c

Total zinc intake from food and supplements assessed by food frequency questionnaire was adjusted for energy intake using the residual method.22
Values in each category are standardized to the age distribution in each cohort (apart from age).
c
Users of multivitamins or zinc-only supplements.
a

b

is unlikely to reduce MS risk. Other factors in diet or related to
the intake of multivitamins might be driving the associations
seen for some of the zinc exposures, or these may have occurred by chance.
Although in experimental models zinc may induce a more
anti-inﬂammatory immune response by inhibiting the development of pathogenic TH17- and promoting Treglymphocytes,13,14,30 these eﬀects could be too subtle within
the range of intakes common in the US population to modify
MS risk.5
Serum zinc levels are tightly regulated through buﬀering by
protein binding and, provided that dietary intake is suﬃcient,
cellular zinc or the ﬂux across compartments could be more
relevant than total intake.13,31,32
Neurology.org/N

This study has several strengths. Information on intake of
diﬀerent minerals was collected prospectively as retrospective
studies on dietary exposures are especially prone to biased
results.22 FFQs measure mineral intake reasonably well as
evidenced by the high correlations with those measured by
7-day diet records and 24-hour dietary recalls.23 Moreover,
this method allows ranking of participants according to their
mineral intake without relying on exact calculation of absolute
intake, which makes misclassiﬁcation of exposures less likely.
Further, we adjusted the analyses for many important MS risk
factors and were thus able to examine whether negative
confounding underlies the null associations.
Our study has some limitations. It includes only women,
mainly of Caucasian descent. The ﬁndings cannot be directly
generalized to men or individuals of another race or ethnicity.
Neurology | Volume 92, Number 18 | April 30, 2019
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Table 2 Pooled hazard ratios (HR) and 95% confidence interval (95% CI) of multiple sclerosis by quintiles (Q) of total intake
of different mineralsa at baseline in the Nurses’ Health Study (NHS, 1984–2004) and Nurses’ Health Study II
(NHSII, 1991–2009)
NHS

NHSII

Median, mg/d

Cases/person-years

Median, mg/d

Cases/person-years

Multivariableb pooled HR (95% CI)

Q1

2,220

21/300,388

2,279

71/316,943

Ref.

Q3

2,874

29/302,225

2,914

65/321,591

1.03 (0.77–1.37)

Q5

3,636

24/297,001

3,615

90/317,187

1.24 (0.94–1.65)

Potassium

ptrend

0.35

Magnesium
Q1

206

22/307,396

233

58/319,587

Ref.

Q3

280

26/303,405

306

66/320,072

1.20 (0.89–1.63)

Q5

383

26/295,021

409

68/317,164

1.30 (0.95–1.77)

ptrend

0.13

Calcium
Q1

472

31/300,666

570

79/314,852

Ref.

Q3

766

22/300,283

923

70/320,126

0.85 (0.64–1.13)

Q5

1,435

23/298,856

1,569

58/319,899

0.76 (0.56–1.04)

ptrend

0.22

Phosphorus
Q1

848

19/300,836

1,090

73/318,203

Ref.

Q3

1,077

27/304,350

1,368

76/317,766

1.15 (0.87–1.53)

Q5

1,402

29/297,994

1712

59/318,595

1.01 (0.75–1.36)

ptrend

0.97

Iron
Q1

9

45/459,063

10.3

71/326,826

Ref.

Q3

12

22/295,359

14.6

70/312,692

1.01 (0.76–1.33)

Q5

34

32/283,393

50.4

60/318,764

1.01 (0.74–1.38)

ptrend

0.85

Zinc
Q1

9

22/307,630

9.1

80/319,323

Ref.

Q3

12

19/193,719

12.0

68/306,127

0.96 (0.72–1.28)

Q5

25

25/281,775

27.7

63/317,727

0.92 (0.67–1.26)

ptrend

0.67

Manganese
Q1

1.8

35/369,232

2.3

67/364,447

Ref.

Q3

2.6

23/243,829

3.4

78/310,834

1.37 (1.04–1.81)

Q5

4.7

28/295,608

5.8

60/303,866

1.18 (0.88–1.59)

ptrend

0.48
Continued
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Table 2 Pooled hazard ratios (HR) and 95% confidence interval (95% CI) of multiple sclerosis by quintiles (Q) of total intake
of different mineralsa at baseline in the Nurses’ Health Study (NHS, 1984–2004) and Nurses’ Health Study II (NHSII,
1991–2009) (continued)
NHS

NHSII

Median, mg/d

Cases/person-years

Median, mg/d

Cases/person-years

Multivariableb pooled HR (95% CI)

Q1

1.1

29/345,178

1.0

95/485,195

Ref.

Q3

1.4

23/258,627

1.3

76/348,034

1.15 (0.88–1.50)

Q5

2.6

17/220,663

2.7

64/311,889

1.13 (0.83–1.54)

Copper

ptrend

0.59

a

Outcome defined as probable or definite multiple sclerosis according to date of diagnosis. Intake of each mineral from food/supplements assessed by food
frequency questionnaire adjusted for energy intake using residual method.22
b
Adjusted for age, latitude of residence at age 15 (north, middle, south), ancestry (Southern European, Scandinavian, other Caucasian, other), pack-years of
smoking (0, <10, 10–24, ≥25), supplementary vitamin D intake (0, <400, ≥400 international units per day), body mass index at age 18 (<18.5, 18.5 to <25, 25 to
<30, ≥30 kg/m2), and total energy intake.

We did not measure mineral levels in the blood, but there are
so far no reliable biomarkers of zinc nutritional status as serum
levels do not reﬂect intracellular status.13 Further, exposures
were assessed in adulthood and early life exposures that could

diﬀer from those in early adulthood might be more relevant.33
Adolescence has been proposed as a susceptibility period for
MS risk modiﬁcation for established risk factors like vitamin D
deﬁciency and symptomatic Epstein-Barr virus infection,34–36

Table 3 Pooled hazard ratios (HR) and 95% confidence interval (95% CI) of multiple sclerosis by quintiles (Q) of total intake
of different mineralsa cumulatively during follow-up in Nurses’ Health Study (NHS, 1984–2004) and Nurses’
Health Study II (NHSII, 1991–2009)
NHS

NHSII

Median, mg/d

Cases/person-years

Median, mg/d

Cases/person-years

Multivariableb pooled HR
(95% CI)

Q1

2,441

20/296,607

2,497

60/310,279

Ref.

Q3

3,001

22/303,477

3,085

62/321,699

1.06 (0.78–1.44)

Q5

3,617

25/298,128

3,717

84/321,004

1.36 (1.01–1.83)

Potassium

ptrend

0.12

Magnesium
Q1

225

22/293,805

264

60/308,157

Ref.

Q3

313

26/303,186

340

79/321,462

1.32 (0.98–1.77)

Q5

401

29/302,725

442

73/323,026

1.34 (0.98–1.82)

ptrend

0.073

Calcium
Q1

641

24/289,718

710

68/304,237

Ref.

Q3

1,058

23/304,390

1,154

64/322,636

0.96 (0.71–1.29)

Q5

1,629

28/302,890

1,741

61/325,001

1.00 (0.73–1.36)

ptrend

0.91

Phosphorus
Q1

950

20/291,922

1,138

75/314,501

Ref.

Q3

1,160

28/303,899

1,369

64/320,813

0.99 (0.74–1.33)
Continued
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Table 3 Pooled hazard ratios (HR) and 95% confidence interval (95% CI) of multiple sclerosis by quintiles (Q) of total intake
of different mineralsa cumulatively during follow-up in Nurses’ Health Study (NHS, 1984–2004) and Nurses’ Health
Study II (NHSII, 1991–2009) (continued)
NHS

Q5

NHSII

Median, mg/d

Cases/person-years

Median, mg/d

Cases/person-years

Multivariableb pooled HR
(95% CI)

1,422

30/300,793

1,645

61/317,724

1.00 (0.74–1.35)

ptrend

0.88

Iron
Q1

10.6

25/309,448

12.1

64/307,698

Ref.

Q3

15.6

22/305,989

18.7

68/324,417

1.09 (0.81–1.47)

Q5

28.1

26/296,948

35.2

58/318,296

1.01 (0.73–1.40)

ptrend

0.65

Zinc
Q1

9.5

21/297,214

10.5

74/307,846

Ref.

Q3

14.0

24/289,966

15.6

72/320,478

1.00 (0.75–1.33)

Q5

26.3

27/300,113

26.6

54/321,683

0.81 (0.59–1.13)

ptrend

0.093

Manganese
Q1

2.3

23/292,430

2.7

63/325,142

Ref.

Q3

3.5

26/296,000

3.9

76/321,693

1.35 (1.01–1.80)

Q5

5.5

26/302,993

5.9

62/317,351

1.17 (0.86–1.59)

ptrend

0.69

Copper
Q1

1.2

24/248,650

1.2

69/365,512

Ref.

Q3

1.7

21/217,196

1.7

70/340,805

1.18 (0.88–1.58)

Q5

2.7

17/218,175

2.7

62/321,794

1.11 (0.80–1.52)

ptrend

0.64

a
Outcome defined as probable or definite multiple sclerosis according to date of diagnosis. Total intake of each mineral from food/supplements assessed by
food frequency questionnaire adjusted for energy intake using residual method.22
b
Adjusted for age, latitude of residence at age 15 (north, middle, south), ancestry (Southern European, Scandinavian, other Caucasian, other), pack-years of
smoking (0, <10, 10–24, ≥25), supplementary vitamin D intake (0, <400, ≥400 international units per day), body mass index at age 18 (<18.5, 18.5 to <25, 25 to
<30, ≥30 kg/m2), and total energy intake.

and could extend to other factors. Moreover, the betweenperson variation of mineral intake in these cohorts might be
too small. For example, zinc deﬁciency is rare in the United
States, and more extreme exposures could yield diﬀerent
results. However, the intakes did cover a relatively wide range
and more extreme diﬀerences in deciles indicated, similarly,
no trend. If severe zinc deﬁciency was associated with MS,
then this might have less public health relevance in countries
with a high MS burden, in which zinc deﬁciency is unusual in
young adults.31 While the lack of association for use of zinconly supplements argues against a protective eﬀect of zinc on
MS risk, we could not assess a potential dose–response relationship and there might be a beneﬁcial eﬀect for very high
e2134
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doses. Finally, although we could adjust for many important
factors, residual negative confounding cannot be excluded.
This study provides evidence that variations in intake of
minerals within the range that is common among US women
are not associated with MS risk.
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