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Supplementary Methods 

 

 

eMethods 1. VITAL-Cog Telephone Cognitive Function Assessment 
General cognition was assessed with the Telephone Interview of Cognitive status (TICS; range=0-41 points), a telephone 

adaptation of the Mini-Mental State Exam (MMSE).1 Verbal memory was evaluated with 4 tasks: the immediate and 

delayed recalls of both the East Boston Memory Test (EBMT; range=0-12)2 and the TICS 10-word list (range=0-10).1 

To assess executive function/attention, a test of category fluency was administered where participants were asked to 

name as many animals as possible in one minute.3 We also administered an assessment of attention/processing speed, 

the digit span backwards test (range=0-12 points), which asked participants to repeat backwards a series of digits,4 and 

the Oral Trail Making Test (TMT), Part A (range=0-120 seconds), which asked participants to count from 1 to 25 as fast 

as possible. For assessing executive function, the Oral TMT Part B (range=0-120 seconds) was given, which asked 

participants to count to 13 and state the alphabet in alternating order (1-A, 2-B, and so on until 13-M).5,6 

 

eMethods 2. VITAL-Cog Secondary Cognitive Outcomes 
The primary outcome of interest was the global composite score. Secondarily, we examined verbal memory and 

executive function/attention, as these most strongly predict the risk of Alzheimer’s disease and vascular dementia, 

respectively.7,8 We derived the verbal memory composite score by averaging the z-scores of 4 tests: the immediate and 

delayed recalls of both the EBMT and the TICS 10-word list. We calculated an executive function/attention composite 

score by averaging the z-scores of 4 tests: the category fluency test,9 the trail making tests A and B, and the digit span 

backwards test. Due to the skewness of the distribution of the trail making tests, we applied a square root transform and 

then calculated z-scores.  

 

eMethods 3. CTSC Study Population 
A sub-group of 1054 VITAL participants received in-person detailed health assessments at a CTSC site in Boston before 

randomization.10 Health assessments included medical history and physical exam, with measurement of height, weight, 

other anthropometric indices, and blood pressure as well as various measures for ancillary studies, including cognitive 

assessments. All participants provided informed consent for the CTSC evaluation.  

Because the CTSC cognitive assessments over time were part of VITAL-DEP (NCT01696435), which was a study of 

late-life depression, those ineligible for the 2nd in-person CTSC were the following, determined as of baseline: 1) 

diagnosis for any depressive disorder, alcohol/substance abuse or dependence in the past 12 months, psychotic disorder, 

bipolar disorder, OCD or PTSD; 2) cognitive impairment in the dementia range; 3) any factor that can significantly 

impact patient safety, ability to perform the testing procedures or compliance (e.g., transportation problems resulting in 

transit time of >3 hours to or from the CTSC); 4) unstable symptoms (e.g., suicidality, homicidality, mania, psychosis). 

 

eMethods 4. CTSC Cognitive Assessment 
Cognitive function was assessed in-person by trained interviewers, using nine cognitive tests assessing general cognition 

(Modified Mini-Mental State (3MS; range=0-100),11 verbal memory and executive function / attention. As per the 

protocol for VITAL-DEP (NCT01696435), first, the Hearing Handicap Inventory Screening Version (HHIE-S) was 

administered to all participants. Those who scored at >50% likelihood of significant hearing impairment were 

administered the Modified Mini-Mental State (3MS) (range=0-100) and not the other cognitive tests. General cognition 

was assessed by the 3MS.11 Verbal memory was assessed with the same 4 tests used in VITAL-Cog. To partially assess 

executive function/attention, two tests of category fluency were also administered (the animal naming test and a test 

where participants were asked to name as many vegetables as possible)3 along with the TMT part A (range= 0-150 

seconds), which asked participants to draw lines to connect the numbers from 1 to 25 as fast as possible, and the TMT 

part B (range= 0-300 seconds), which asked participants to draw lines to connect numbers (1 – 13) and the alphabet (A 

– L) in alternating order (1-A, 2-B, and so on until 13-M) as fast as possible. For the primary outcome, we evaluated a 

global composite score with all 9 measures and derived similar measures for secondary outcomes as in VITAL-Cog. 

 

eMethods 5. CTSC Outcome Derivation 
Similar to VITAL-Cog, the primary outcome of interest was the global composite score, which, in the CTSC study 

population was derived by averaging the standardized scores of all 9 tests, using the baseline distributions in the CTSC 

as the standard. Secondarily, we were interested in the outcomes of 3MS, verbal memory and executive 
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function/attention. We calculated the verbal memory composite score by averaging the z-scores of 4 tests: the immediate 

and delayed recalls of both the EBMT and a 10-word list. We derived the executive function/attention composite score 

by averaging the z-scores of 4 tests: the 2 category fluency tests for animal naming and vegetable naming,9 and the trail 

making tests A and B (square root transformed values for both). At the two-year follow up, we similarly calculated the 

composite scores for global, verbal memory, and executive function/attention for the 2nd assessment, by using means 

and SDs of the baseline CTSC-Cog scores. To pool the results of the 3MS in CTSC-Cog with the TICS in VITAL-Cog, 

a scaling factor of 0.41 was applied to the 3MS scores before analyses were conducted. 

 

eMethods 6. Validation study of the VITAL-Cog telephone cognitive assessment 
In VITAL-Cog, from December 2011 to April 2014, we validated our telephone cognitive assessment against in-person 

assessments in 181 CTSC participants. Roughly half (n=93) had their telephone cognitive interview first then the in-

person evaluation within 1 month; while the other half (n=88) were first assessed in-person then by telephone, also 

within 1 month. 

We compared the global composite score derived from scores on all the 8 tests administered by telephone and that 

derived from scores on all the 9 tests administered in-person. The intraclass correlation between the two modes for the 

global composite score in those who completed the assessment by telephone first and then in-person was 0.76 (Spearman 

correlation=0.71, p<0.0001) and in those who completed the in-person assessment followed by the telephone interview 

the intraclass correlation was 0.52 (Spearman correlation=0.59, p<0.0001). Thus, these results, similar to those of other 

studies,12,13 support the validity of our telephone cognitive interview compared to in-person assessments. Findings on 

the individual tests showed similar correlations. A Bland-Altman plot14 showed that the mean bias ± SD between the 

two global scores was -0.09 ± 0.47, and the limits of agreement were -1.01 to 0.83 (Supplementary Fig. S1); in general, 

the plot indicates that the points are scattered above and below the zero line such that there is no bias of one approach 

versus the other. 
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Supplementary Table S1 

Table S1. Cognitive function at two assessments by vitamin D supplement assignment, for VITAL-Cog participants aged 60+ years, (n =3424) assessed by telephone and for 

CTSC-Cog participants aged 60+ years, (n=794) assessed in person: individual cognitive tests* 

 

                          VITAL-COG (n=3424; telephone assessments)                           CTSC-COG (n=794; in-person assessments) 

 
Vitamin D 

Group 

Placebo  

Group 
Difference in score  

at each timepoint 

(Vitamin D–Placebo; 

95% CI) ‡ 

 
Vitamin D  

Group 

Placebo  

Group 
Difference in score  

at each timepoint 

(Vitamin D–Placebo;  

95% CI) ‡ 

 

N Mean (SE) ‡ N Mean (SE) ‡ 

 

N Mean (SE) ‡ N Mean (SE) ‡ 

Cognitive tests common to the two substudies† Cognitive tests common to the two substudies† 

TICS 10 words -

immediate recall 

    Difference in score‡ TICS 10 words  

 immediate recall 

    Difference in score‡ 

   1st assessment score  14

80

0 

4.61 (0.04) 15

04 

4.69 (0.04) -0.08 (-0.20, 0.04)    1st assessment score  38

5 

4.75 (0.07) 39

1 

4.72 (0.07) 0.03 (-0.16, 0.22) 

   2nd assessment score 14

66 

4.71 (0.04) 14

57 

4.71 (0.04) 0.003 (-0.12, 0.12)    2nd assessment score 25

4 

5.06 (0.08) 26

1 

4.76 (0.08) 0.30 (0.06, 0.53) 

            TICS 10 words - 

delayed recall 

    Difference in score‡ TICS 10 words - 

 delayed recall 

    Difference in score‡ 

   1st assessment score  14

80

0 

2.69 (0.05) 15

04 

2.71 (0.05) -0.02 (-0.15, 0.12)    1st assessment score  38

5 

2.03 (0.09) 39

1 

1.90 (0.08) 0.13 (-0.11, 0.37) 

   2nd assessment score 14

66 

2.74 (0.05) 14

57 

2.70 (0.05)  0.04 (-0.11, 0.18)    2nd assessment score 25

4 

2.30 (0.11) 26

1 

2.14 (0.10) 0.16 (-0.13, 0.46) 

   14

86 

        EBMT –  

immediate recall 

    Difference in score‡ EBMT –  

 immediate recall 

    Difference in score‡ 

   1st assessment score  14

80

0 

9.59 (0.04) 15

04 

9.59 (0.05) 0.003 (-0.12, 0.13)    1st assessment score  38

5 

9.74 (0.09) 39

1 

9.74 (0.08) -0.001 (-0.23, 0.23) 

   2nd assessment score 14

66 

9.57 (0.05) 14

57 

9.51 (0.05) 0.07 (-0.07, 0.20)    2nd assessment score 25

4 

9.94 (0.10) 26

1 

10.05 (0.09) -0.10 (-0.38, 0.17) 

            EBMT –  

delayed recall 

    Difference in score‡ EBMT –  

 delayed recall 

    Difference in score‡ 

   1st assessment score  14

80

0 

9.23 (0.05) 15

04 

9.23 (0.05) -0.002 (-0.13, 0.13)    1st assessment score  38

5 

9.34 (0.09) 39

1 

9.32 (0.09) 0.03 (-0.21, 0.27) 

   2nd assessment score 14

66 

9.15 (0.05) 14

57 

9.16 (0.05) -0.01 (-0.15, 0.14)    2nd assessment score 25

4 

9.59 (0.10) 26

1 

9.53 (0.10) 0.06 (-0.23, 0.34) 

            Animal naming test     Difference in score‡  Animal naming test     Difference in score‡ 

   1st assessment score  14

80

0 

19.24 (0.14) 15

04 

19.57 (0.14) -0.33 (-0.72, 0.06)    1st assessment score  38

5 

21.01 (0.30) 39

1 

20.29 (0.31) 0.73 (-0.11, 1.56) 

   2nd assessment score 14

66 

19.09 (0.15) 14

57 

19.36 (0.16) -0.28 (-0.70, 0.15)    2nd assessment score 25

4 

20.50 (0.33) 26

1 

20.44 (0.32) 0.06 (-0.84, 0.97) 
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                          VITAL-COG (n=3424; telephone assessments)                           CTSC-COG (n=794; in-person assessments) 

 
Vitamin D 

Group 

Placebo  

Group Difference in score  

at each timepoint 

(Vitamin D–Placebo; 

95% CI) ‡ 

 
Vitamin D  

Group 

Placebo  

Group Difference in score  

at each timepoint 

(Vitamin D–Placebo;  

95% CI) ‡ 

 

N Mean (SE) ‡ N Mean (SE) ‡ 

 

N Mean (SE) ‡ N Mean (SE) ‡ 

Cognitive tests unique to each substudy† Cognitive tests unique to each substudy† 

Digit span backwards     Difference in score‡ Vegetable naming test     Difference in score‡ 

    1st assessment 

score  

14

80

0 

6.73 (0.06) 15

04 

6.83 (0.06) -0.10 (-0.27, 0.07)     1st assessment 

score‡  

38

5 

15.56 (0.23) 39

1 

15.35 (0.22) 0.21 (-0.43, 0.85) 

    2nd assessment 

score 

14

66 

1.97 (0.07) 14

57 

2.04 (0.08) 

 

-0.07 (-0.28, 0.13)     2nd assessment 

score‡ 

25

4 

15.19 (0.26) 26

1 

15.13 (0.25) 0.06 (-0.65, 0.76) 

            Oral trails making test –  

 Part A 

    Difference in score‡ Trails making test –  

 Part A 

    Difference in score‡ 

    1st assessment 

score  

14

80

0 

10.66 (0.10) 15

04 

10.27 (0.08) 0.39 (0.13, 0.65)     1st assessment 

score‡  

38

5 

29.30 (0.58) 39

1 

29.85 (0.47) 

 

-0.55 (-2.02, 0.93) 

    2nd assessment 

score 

14

66 

10.30 (0.14) 14

57 

10.20 (0.14) 0.10 (-0.29, 0.49)     2nd assessment 

score‡ 

25

4 

28.40 (0.53) 26

1 

30.59 (0.53) 

 

-2.19 (-3.66, -0.73) 

            Oral trails making test –  

 Part B 

    Difference in score‡ Trails making test –  

 Part B 

    Difference in score‡ 

    1st assessment 

score  

14

80

0 

38.67 (0.62) 15

04 

38.76 (0.62) -0.09 (-1.82, 1.63)     1st assessment 

score‡  

38

5 

80.15 (2.18) 39

1 

82.78 (2.22) -2.63 (-8.73, 3.47) 

    2nd assessment 

score 

14

66 

39.26 (0.64) 14

57 

38.64 (0.61) 0.62 (-1.10, 2.35)     2nd assessment 

score‡ 

25

4 

72.00 (1.89) 26

1 

74.21 (1.97) -2.21 (-7.57, 3.15) 

 

Abbreviations: 3MS, Modified Mini-Mental Status exam (range=0-100);11 CI, confidence interval; CTSC, Clinical and Translational Science Collaborative center for VITAL 

in Boston, MA; TICS, Telephone Interview of Cognitive Status (range=0-41)1  
* In the VITAL-Cog, 2483 completed both assessments, 501 completed only the baseline, 440 completed only the 2nd assessment. In the CTSC-Cog, 497 completed both 

assessments, 279 completed only the baseline and 18 completed only the 2nd assessment. 
† For a description of the tests, see previous section on “Supplemental Methods”.  
‡ Least squares mean and standard errors and differences of least squares means and standard errors were derived from univariate models.  

 

 


