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Approximately one-third of the adult
U.S. population has prediabetes, ;5–
10% of whom will progress to diabe-
tes per year (1,2). Intensive lifestyle
changes delay progression to diabetes;
however, sustaining lifestyle changes
long term is challenging and often in-
sufficient to prevent development of
diabetes (3). Simple, inexpensive, and
sustainable approaches to complement
lifestyle changes are therefore needed
to lower diabetes risk in people with
prediabetes.
Over the last decade, vitamin D has

emerged as a potential modifier of the
pathophysiology of type 2 diabetes and
vitamin D supplementation has been
hypothesizedas apromising intervention
to lower diabetes risk (4). Observational
studies report consistent associations
between higher blood 25-hydroxy vita-
min D [25(OH)D] concentration and lower
risk of developing type 2 diabetes in
diverse cohorts (5). Mechanistic studies
provide a strong biological basis for an
important role of vitamin D in improving
pancreatic b-cell function, but there is
less evidence on its effects on insulin
resistance (6). Until recently, evidence
from trials examining the effect of vita-
min D supplementation for diabetes pre-
vention was lacking.
In 2019, the U.S.-based Vitamin D and

Type 2 Diabetes (D2d) study reported
that participants with prediabetes

assigned to vitamin D supplementation
had a 12% decrease in risk of developing
diabetes comparedwith placebo, but the
change was not statistically significant
(hazard ratio [HR] 0.88 [95% CI 0.75–
1.04) (7). Theeffect size inD2dwasnearly
identical to those reported by two similar
but smaller trials (Tromsø [Norway], HR
0.90 [95% CI 0.69–1.18], and Diabetes
Prevention with active Vitamin D [DPVD]
[Japan], HR 0.87 [95% CI 0.68–1.09])
(8,9). Priormeta-analyses did not include
these recent trials; thus, the field is ripe
for updated meta-analyses.

In the current issue of Diabetes Care,
two meta-analyses on this topic are
published (10,11). Pramono et al. (10)
combined results from 18 small trials
(total of 1,220 participants) examining
the effect of vitamin D supplementa-
tion on insulin sensitivity in adults with
or at increased risk for insulin resistance.
They report no effect of vitamin D sup-
plementation (standardized mean differ-
ence 20.01 [95% CI 20.12 to 0.10]).
Zhang et al. (11) synthesized results
from eight trials (total of 4,896 partici-
pants) examining the effect of vitamin D
supplementation on incident diabetes in
persons with prediabetes. The authors
found a significant benefit of vitamin D
supplementation for incident diabetes
(risk ratio 0.89 [95% CI 0.80–0.99). Addi-
tionally, meta-analysis of five trials (total
of 1,080 participants) revealed that

participants on vitamin D supplementa-
tion were more likely to revert to eugly-
cemia than the non–vitamin D group (risk
ratio 1.48 [95% CI 1.14–1.92]).

While meta-analyses increase statisti-
cal power, allowing more precise effect
estimates, for them tobe credible certain
methodological criteria must be met.
Even if the methodology is sound, the
strength of a meta-analysis result is only
as high as the quality of the included
individual trials. Table 1 summarizes our
assessment of the two new systematic
reviews.

The meta-analysis by Pramono et al.
(10) hasmajor limitations, primarily based
on the included studies: 1) Target pop-
ulations were people “with or at risk for
insulin resistance,” but no definition of
insulin resistance was provided. 2) Trial
populations were heterogeneous. 3) Vi-
tamin D could be coadministered with
other interventions, which may con-
found the effect of vitamin D. 4) The
outcome of interest was ascertained by
different methods across trials. 5) In all
but one trial, study duration was be-
tween 2 and 6 months, which is too brief
to achieve steady-state blood 25(OH)D
concentration and likely inadequate to
affect the pathophysiology of type 2
diabetes.

Themain advantageof ameta-analysis
is to improve statistical power for the
outcome of interest. However, when
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there aremany differences in participant
characteristics, interventions, outcome
assessment methods, and study quality
between the included trials, combining
data fromsuch trials increases variability,
which reduces statistical power, making
it difficult to identify real effects (12).
Therefore, the meta-analysis by Pramono
et al. cannot be conclusive regarding
whether vitamin D supplementation im-
proves insulin sensitivity in meaningful
populations.
Zhang et al. (11) address a clinically

relevant question (does vitamin D sup-
plementation reduce the incidence of
diabetes in persons with prediabetes?),
and its main strength is inclusion of trials
that are concordant in populations (pre-
diabetes), intervention (oral vitamin D),
and outcome ascertainment (diabetes
based on glycemic criteria). This meta-
analysis incorporates results from the
three largest trials (7–9), which had not
been included in priormeta-analyses, and
makes an additional contribution by sum-
marizingdataontheoutcomeofreversion
to normoglycemia, which is often over-
looked in diabetes prevention trials.
However,fiveof the included trials had

major limitations, including not being
designed for incident diabetes as the

primary outcome (13–16), short duration
(#1 year) (13–16), open-label study de-
sign (i.e., not placebo) (15,17), and small
sample size (13–17). Therefore, results
from these five trials provide limited
information to test the hypothesis. To
address these limitations, the authors
conducted several sensitivity analyses.
The resultant point estimates changed
minimally, likely because these five trials
contributed only 8% of the weight in the
summary estimate. Indeed, when data
were combined from the three large
randomized, placebo-controlled trials that
were specifically designed and conducted
for prevention of diabetes (7–9), vitamin D
supplementation reduced diabetes risk by
12% compared with placebo (HR 0.88
[95% CI 0.78–0.99).

Zhang et al. reported a benefit of
vitamin D supplementation on incident
diabetes in nonobese participants only
(BMI ,30 kg/m2); however, such a sub-
group claim is highly problematic and
may be erroneous (subject to ecological
fallacy) because the analysis was gener-
ated based on the average BMI of each
trial cohort rather than the BMI of each
participant (18). There are similar con-
cerns in their analyses of baseline and
achieved blood 25(OH)D concentration

and follow-up duration. Hence, in the
absence of within-trial subgroup results
or individual participant data, such sub-
group results are uninterpretable.

Nevertheless, assuming the findings of
the two systematic reviews are correct
raises the question of why they seem to
disagree: vitamin D supplementation does
not substantively affect insulin sensitivity,
yet it reduces diabetes risk among people
with prediabetes. We posit several po-
tential explanations: 1) The effect of vi-
tamin D supplementation may not be
evident in the short term (2–6 months
across the insulin sensitivity trials in
Pramono et al.) compared with the longer-
term finding on incident diabetes (2–3
years across thediabetesprevention trials
in Zhang et al.). 2) The effect of vitamin D
supplementation is difficult to demon-
strate in populations with a wide range
of “risks” (e.g., overweight, polycysticovar-
ian syndrome, established diabetes on
pharmacotherapy). 3) Given that the ap-
parent effect of vitamin D on diabetes
risk is relatively small (;12%), itmay be
that improvement in insulin sensitivity is
relevant in only a “hidden” small subset
andmaynotbenoticeablewhenaveraged
with the larger subset whose insulin sen-
sitivity is not affected by vitamin D.

Table 1—Evaluation of systematic reviews

Pramono et al. (10) Zhang et al. (11)

Topic Insulin sensitivity Clinical outcomes (incident type 2 diabetes)

Sensible clinical question Insufficiently focused Yes

Exhaustive search Yes (except restricted to English) Yes

Evaluated populations Differ widely (healthy participants with normal glucose
tolerance, overweight, prediabetes, polycystic ovarian
syndrome, or established type 2 diabetes regardless of
diabetes pharmacotherapy)

Similar and appropriate (prediabetes)

Evaluated interventions Differ widely (oral or injectable vitamin D coadministered
with other interventions, e.g., metformin, hypocaloric
diet, cheese); short-term (2–6 months)

Similar and appropriate (oral vitamin D); long-term
(all but one trial $1 year)

Evaluated comparators Data not provided Similar and appropriate (placebo); two trials were open-
label, i.e., there was no comparator

Evaluated outcomes Differ widely (insulin clamp, oral glucose or intravenous
glucose tolerance test, use of different indices to
estimate insulin sensitivity)

Similar and appropriate (incident diabetes, reversion to
euglycemia)

Meta-analysis methods Problematic (combined highly heterogenous studies) Problematic (fixed-effects model meta-analysis,
ecological fallacy)

Results reporting Appropriate but difficult to interpret (standardized mean
difference)

Appropriate and easy to interpret (risk ratio, HR)

Risk of bias assessment Appropriate Appropriate

Risk of bias Mostly low (blinding unclear) Mixed (lack of blinding)

Quality/strength of evidence Not evaluated Moderate/high

Generalizability of findings Unclear Not evaluated
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4) Vitamin D does not have a detectable
effect on insulin resistance and works
mostlyviaaugmentingb-cell function(19).
Where do we go from here? Answers

to important clinical questions are rarely
clear-cut, and the truth is almost never
dichotomous (“effective” or “ineffec-
tive”). The evidence for vitamin D in
favor of diabetes prevention is accumu-
lating, and these meta-analyses were
worthwhile attempts to assemble pieces
of the vitamin D and diabetes prevention
puzzle. We are not aware of any ongoing
trials specifically designed and powered
to test the effect of vitamin D supple-
mentation for diabetes prevention. We
expect ongoing or completed large trials
that were designed and conducted to test
the effect of vitamin D supplementation
on nondiabetes outcomes to also report
on incident diabetes as a secondary out-
come.However, these reportswill require
careful interpretation due to several ex-
pected limitations, e.g., enrollment of
populations at low-average risk for di-
abetes, inadequate vitamin D dose, and
insufficiently defined diabetes outcome.
Although the summary estimate of

11–12% relative risk reduction reported
by Zhang et al. may appear relatively
small, it can have important public health
implicationswhen applied in the expand-
ing prediabetes population. We should
also not discount the benefit of reversal
of prediabetes to euglycemia. Hence, in
evaluation of the overall benefit of vita-
minD supplementation, this higher likeli-
hood of reversal to euglycemia (;48%
more likely in the report by Zhang et al.)
should be added to the 12% lower risk of
progression to diabetes.
These findings may warrant a recom-

mendation for vitamin D supplemen-
tation in adults with prediabetes,
particularly given its apparent safety,
as evidenced from the two largest trials,
Tromsø and D2d (7,8), and low cost.
However, given limitations of the evi-
dence base, and thus of these new
meta-analyses, final recommendations
must await full publication of the second-
largest trial (DPVD [9]) and results from
individual participant data meta-analyses.

Compared with study-level meta-analyses,
individual participant data meta-analyses
can provide precision of the estimate for
progression to diabetes, regression to
euglycemia, and safety using time-to-
event analyses. They can also overcome
the problem of ecological fallacy and,
thus, can evaluate heterogeneity of treat-
ment effects across participant subgroups
to better define who is most likely to
benefit (20). Unlike in Greek mythology,
it will take more than a sword to untan-
gle the “Gordian knot” of vitamin D
supplementation and type 2 diabetes
prevention.

Funding. A.G.P. receives funding from the Na-
tional Institutes of Health to conduct the D2d
study (U01DK098245). A.G.P. is also supported in
part by generous donations to the Tupper Re-
search Fund at Tufts Medical Center.
The views expressed in this article are those

of the authors and do not necessarily repre-
sent the views of the National Institutes of
Health.

Duality of Interest. No potential conflicts of
interest relevant to this article were reported.

References
1. Centers for Disease Control and Prevention.
NationalDiabetes Statistics Report. Atlanta,GA,
Centers for Disease Control and Prevention,
2020
2. Knowler WC, Crandall JP. Pharmacologic ran-
domized clinical trials in prevention of type 2
diabetes. Curr Diab Rep 2019;19:154
3. Knowler WC, Barrett-Connor E, Fowler SE,
et al.; Diabetes Prevention Program Research
Group. Reduction in the incidence of type 2
diabetes with lifestyle intervention or metfor-
min. N Engl J Med 2002;346:393–403
4. Pittas AG, Lau J, Hu FB, Dawson-Hughes B.
The role of vitamin D and calcium in type 2 dia-
betes. A systematic review and meta-analysis. J
Clin Endocrinol Metab 2007;92:2017–2029

5. Song Y, Wang L, Pittas AG, et al. Blood
25-hydroxy vitamin D levels and incident
type 2 diabetes: a meta-analysis of prospective
studies. Diabetes Care 2013;36:1422–1428

6. Chiu KC, Chu A, Go VL, Saad MF. Hypovitami-
nosis D is associated with insulin resistance and
beta cell dysfunction. Am J Clin Nutr 2004;79:
820–825
7. Pittas AG, Dawson-Hughes B, Sheehan P, et al.;
D2d Research Group. Vitamin D supplementation
and prevention of type 2 diabetes. N Engl J Med
2019381:520–530

8. Jorde R, Sollid ST, Svartberg J, et al. Vitamin D
20,000 IU per week for five years does not
prevent progression from prediabetes to diabe-
tes. J Clin Endocrinol Metab 2016;101:1647–
1655
9. Kawahara T. Eldecalcitol, a vitamin D analog,
for diabetes prevention in impaired glucose
tolerance (DPVD study) (Abstract). Diabetes
2018;67(Suppl. 1):120-LB
10. PramonoA, Jocken JWE, Blaak EE, vanBaak
MA. The effect of vitamin D supplementation
on insulin sensitivity: a systematic review and
meta-analysis. Diabetes Care 2020;43:1659–
1669
11. ZhangY,TanH,Tang J, etal. Effectsof vitamin
D supplementation on prevention of type 2 di-
abetes in patientswith prediabetes: a systematic
review and meta-analysis. Diabetes Care 2020;
43:1650–1658
12. Barnard ND,WillettWC, Ding EL. Themisuse
of meta-analysis in nutrition research. JAMA
2017;318:1435–1436
13. Barengolts E, Manickam B, Eisenberg Y,
Akbar A, Kukreja S, Ciubotaru I. Effect of high-
dose vitamin D repletion on glycemic control in
African-American males with prediabetes and
hypovitaminosis D. Endocr Pract 2015;21:604–
612
14. DavidsonMB,DuranP, LeeML, FriedmanTC.
High-dose vitamin D supplementation in people
with prediabetes and hypovitaminosis D. Diabe-
tes Care 2013;36:260–266
15. Kuchay MS, Laway BA, Bashir MI, Wani AI,
Misgar RA, Shah ZA. Effect of Vitamin D supple-
mentation on glycemic parameters and progression
of prediabetes to diabetes: a 1-year, open-label
randomized study. Indian J Endocrinol Metab
2015;19:387–392
16. Niroomand M, Fotouhi A, Irannejad N,
Hosseinpanah F. Does high-dose vitamin D
supplementation impact insulin resistance and
risk of development of diabetes in patients
with pre-diabetes? A double-blind random-
ized clinical trial. Diabetes Res Clin Pract 2019;
148:1–9
17. Dutta D, Mondal SA, Choudhuri S, et al.
Vitamin-D supplementation in prediabetes re-
duced progression to type 2 diabetes and was
associated with decreased insulin resistance
and systemic inflammation: an open label
randomized prospective study from Eastern India.
Diabetes Res Clin Pract 2014;103:e18–e23
18. Morgenstern H. Uses of ecologic analysis in
epidemiologic research. Am J PublicHealth 1982;
72:1336–1344
19. Wei Z, Yoshihara E, He N, et al. Vitamin D
switches BAF complexes to protect b cells. Cell
2018;173:1135–1149.e15
20. Steyerberg EW, Nieboer D, Debray TPA,
van Houwelingen HC. Assessment of hetero-
geneity in an individual participant data
meta-analysis of prediction models: an over-
view and illustration. Stat Med 2019;38:
4290–4309

care.diabetesjournals.org Pittas and Balk 1377

http://care.diabetesjournals.org

