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Abstract
Aims Treatment effects from the large cardiovascular outcome trials (CVOTs) of new antidiabetic drugs are almost exclu-
sively communicated as hazard ratios, although reporting guidelines recommend to report treatment effects also on an 
absolute scale, e.g. as numbers needed to treat (NNT). We aimed to analyse NNTs in CVOTs comparing dipeptidyl pepti-
dase-4 (DPP-4) inhibitors, glucagon-like peptide-1 (GLP-1) receptor agonists, or sodium–glucose cotransporter-2 (SGLT2) 
inhibitors to placebo.
Methods We digitalized individual time-to-event information for the primary outcome and all-cause mortality from 19 
CVOTs that compared DPP-4 inhibitors, GLP-1 receptor agonists, or SGLT2 inhibitors to placebo. We estimated Weibull 
models for each trial and outcome and derived monthly NNTs. NNTs were summarized across all trials and within drug 
classes by random effects meta-analysis methods.
Results Treatment effects in the CVOTs appear smaller if they are reported as NNTs: Overall, 100 (95%-CI: 60, 303) 
patients have to be treated for 29 months (the median follow-up time across all trials) to avoid a single event of the primary 
outcome, and 128 (95%-CI: 85, 265) patients have to be treated for 39 months to avoid a single death. NNT time courses are 
very similar for GLP-1 receptor agonists and SGLT2 inhibitors, whereas treatment effects with DPP-4 inhibitors are smaller.
Conclusions We found that the respective treatment effects look less impressive when communicated on an absolute scale, as 
numbers needed to treat. For a valid overall picture of the benefit of new antidiabetic drugs, trial authors should also report 
treatment effects on an absolute scale.

Keywords Number needed to treat · Hazard ratio · Cardiovascular outcome trial · Meta-analysis · Digitalized individual 
patient data · DPP-4 inhibitors · GLP-1 receptor agonists · SGLT2 inhibitors
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Introduction

In reaction to the “rosiglitazone case” [1], and as requested 
by the US Food and Drug Administration (FDA) [2], 
pharmaceutical industry performed a large number of the 
so called “Cardiovascular Outcome Trials” (CVOTs) in 
the last decade [3]. Although these trials were primar-
ily focused on showing non-inferiority against placebo, 
many of the investigated drugs also showed superiority 
and therefore informed and changed current guidelines 
for diabetes treatment [4, 5]. As non-inferiority has to be 
shown on the hazard ratio (HR) scale (with the upper limit 
of the two-sided 95% confidence interval not exceeding 
1.3), CVOTs almost exclusively report these relative effect 
estimates to describe treatment differences. However, it 
has long been recognized and recommended in guidelines 
[6–8] to report treatment effects also on an absolute scale, 
e.g. as numbers needed to treat (NNT), only recently in the 
context of CVOTs as well [9]. An NNT gives the number 
of patients that have to be treated to prevent one addi-
tional single event of the outcome in the treatment group. 
Positive values of the NNT can thus be interpreted in the 
CVOTs as the treatment being beneficial compared to pla-
cebo. A null effect of the treatment, corresponding to a HR 
of 1, is given by the value of infinity for the NNT. In the 
CVOTs with their outcomes being time to an event, NNTs 
are necessarily time dependent, that is, change their values 
with duration of treatment [10].

Absolute effects should be reported next to relative 
ones, because treatment effects on relative scales appear 
more impressive to patients, physicians, and policy makers 
[11]. In addition and from a more general, philosophical 
viewpoint, Sprenger/Stegenga [12] point to further defi-
ciencies of relative effect measures. With respect to deci-
sion theory, absolute effect measures are more helpful for 
assessing and maximizing utility of treatments. Concern-
ing causal inference, absolute effect measures naturally 
combine assessments of causal strength, e.g. when media-
tors or combined outcomes are involved.

Nevertheless and largely ignoring guidelines, absolute 
effects are still underreported in the medical literature 
[13–17] and this is also true for the CVOTs which almost 
exclusively report hazard ratios in the original publications.

There have been previous analyses of NNTs in the 
large CVOTs in type 2 diabetes [10, 18] with respect to 
the trials’ primary outcomes. We extend these analyses 
in the following by meta-analysing and comparing NNTs 
for the three different drug classes of DPP-4 inhibitors, 
GLP-1 receptor agonists, and SGLT2 inhibitors. In addi-
tion, we consider the outcome of all-cause mortality and 
offer NNTs for the trials’ observation times as well as an 
extrapolation of NNTs to 30 years of treatment.

Materials and methods

We performed what we propose to call a meta-analysis of 
“digitalized individual patient data”. We downloaded full 
texts and online supplements of the CVOTs that (1) were 
given as completed or ongoing in Fig. 1 of Cefalu et al. [3], 
(2) had been finished and published until September 2020, 
and (3) compared a DPP-4 inhibitor, a GLP-1 receptor ago-
nist, or an SGLT2 inhibitor to placebo. We used WebPlot-
Digitizer, version 4.2, [19] and the R code of Guyot et al. 
[20] to extract individual patients’ time-to-event information 
from the Kaplan–Meier plots in the original trial popula-
tions. Both methods have been shown to be reliable and valid 
[21–23].

Data were extracted for the respective trial’s primary out-
come and the outcome of all-cause mortality. For calculating 
absolute treatment effects for time-to-event outcomes in a 
single trial, it is necessary to estimate the survival func-
tions in both treatment groups. As this is not possible from 
standard Cox proportional hazard models, we fitted, for 
each outcome in each trial separately, parametric Weibull 
regression model for the treatment effect. Weibull models 
are parametric proportional hazards models [24] and thus 
yield hazard ratios for the treatment effect which can be 
compared to the hazard ratios from the original paper. From 
the respective Weibull model, we estimated monthly prob-
ability differences (treatment–control) for being free of the 
event of interest from month 1 to the respective trial’s maxi-
mal observation time. These probability differences were 
then inverted to arrive at estimates for the monthly number 
needed to treat. In supplemental Fig. 1, we explain this pro-
cedure by showing how to compute the NNT for all-cause 
mortality after 36 months from the EMPA-REG trial.

In the interest of achieving a lifetime perspective of 
treatment effects, we additionally projected NNTs until 
360 months of treatment. This was done (due to the threat of 
competing risk by death for all other outcomes) only for the 
outcome of all-cause mortality and under the assumptions 
that patients would remain on the same treatment and that 
the treatment effect remains constant after trial completion.

To assess the validity of the extracted data, we com-
pared hazard ratios from the original papers to those from 
the Weibull models by calculating intra-class correlation 
coefficients. In addition, and to assess the fit of the Weibull 
models graphically, we also plotted Kaplan–Meier estimates 
from the digitalized data together with predicted survival 
functions from these models.

To summarize NNTs overall and in the three drug 
classes, we used random-effects inverse-variance meta-
analysis methods. Meta-analyses were calculated sepa-
rately for each single time point. All computations were 
performed on the probability difference scale and only for 
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displaying results in figures and graphs transformed to the 
NNT scale. We used SAS (SAS Institute Inc., Cary, NC, 
USA), version 9.4, for data management and analysis. The 
full data set is available in a public repository [25]. As 
the study does not include personalized data, we did not 
seek for a vote of an ethics committee. The study was not 
pre-registered and had no previously published protocol 
because we were developing the statistical methods in par-
allel with the analysis.

Results

Overall we achieved the original time-to-event information 
from 4 trials on DPP-4 inhibitors (CARMELINA, EXAM-
INE, SAVOR-TIMI 53, TECOS), 7 trials on GLP-1 recep-
tor agonists (ELIXA, EXSCEL, HARMONY, LEADER, 
PIONEER, REWIND, SUSTAIN), and 8 trials on SGLT2 
inhibitors (CANVAS, CREDENCE, DAPA-CKD, DAPA-
HF, DECLARE-TIMI 58, EMPA-REG, EMPEROR-
REDUCED, VERTIS-CV). We excluded the CAROLINA 
trial, because it has no placebo control; the results of two 
other trials (FREEDOM-CVO, EMPEROR-PRESERVED) 
in Fig. 1 of Cefalu et al. [3] were not yet available as of 
September 2020.

Table 1 gives an overview of the included trials with the 
treatment and drug class under study, a description of the 
trial populations, and the exact definition of the primary out-
come. As reported in Table 2, 19 trials with 17,501 events 
from 159,265 observations gave information on the primary 
outcome, and 13 trials with 8,888 events from 112,524 
observations on all-cause mortality. Median follow-up times 
in the trials ranged from 14.1 to 64.9 months for the primary 
outcome, and from 15.6 to 65.4 months for all-cause mortal-
ity. The overall median follow-up time was 28.7 months for 
the primary outcome and 39.3 months for all-cause mortal-
ity. The hazard ratios from the original publications ranged 
from 0.61 to 1.02 for the primary outcome, and from 0.68 
to 1.01 for all-cause mortality, the respective median hazard 
ratios were 0.87 for both outcomes. The originally reported 
hazard ratios, together with the computed hazard ratios from 
the digitalized data (for a Cox and a Weibull model) are also 
given in Table 2.

Figure 1 shows the trials’ NNT time courses for both out-
comes, annual NNT values after 12, 24, 36, and 48 months 
of treatment are also given in Table 3. 

The Meta-NNT time course, as summarized across all 
trials and drug classes, is given in Fig. 2. At the overall 
median follow-up times of 29 months for the primary out-
come and 39 months for all-cause mortality, the estimated 
Meta-NNTs are 100 (95%-CI: 60, 303) and 128 (95%-CI: 
85, 265), respectively.

With respect to Meta-NNTs in the three different drug 
classes under study (Fig. 3), NNT time courses are very 
similar with GLP-1 receptor agonists vs. SGLT2 inhibitors, 
whereas treatment effects with DPP-4 inhibitors are smaller.

Considering the lifetime perspective of treatment, Fig. 4 
gives the projected Meta-NNTs in the three drug classes. 
Because the probability of death naturally increases in the 
time course and in both treatment groups, these Meta-NNTs 
achieve a minimum, that is, a maximum treatment effect, but 
increase after having reached this minimum. That is, even 
when assuming a constant treatment effect, Meta-NNTs do 
not have a monotonically decreasing time course.

In supplemental Fig. 2, we give scatterplots to compare 
the originally reported hazard ratios to those from the fit-
ted Weibull models on the digitalized data. As can be seen, 
the correspondence is excellent. In terms of the intra-class 
correlation, this was 99.8% (95%-CI: 99.5%, 100%) for the 
primary outcome, and 99.5% (95%-CI: 98.9%, 100%) for 
all-cause mortality, where the upper limit of the confidence 
interval had been truncated at 100%.

In supplemental Fig. 3, we show the fit of the Weibull 
models to the extracted data by giving the Kaplan–Meier 
estimates in the two treatment groups for each outcome and 
each trial together with the 95% confidence intervals of the 
fitted Weibull survival functions. Again, there are no rel-
evant differences that might compromise computation or 
interpretation of NNTs.

Discussion

Treatment effects in the large CVOTs of new antidiabetic 
drugs look less impressive if they are reported as numbers 
needed to treat (NNTs) instead of hazard ratios. For exam-
ple, the overall median hazard ratio across all trials for the 
two outcomes under study were found to be 0.87 here in 
favour of the trial drug. This corresponds to a hazard reduc-
tion of 13% for both outcomes and one might be tempted 
to interpret that one out of 13 or every  8th (because 13% 
is roughly an eighth) benefits from treatment [9]. This is 
clearly an overestimation, instead and as shown in Fig. 2, 
100 patients have to be treated for 29 months (the median 
follow-up time across all trials) to avoid one single event of 
the primary outcome, and 128 patients have to be treated for 
39 months to avoid one single death.

Of course, the perceived overestimation of treatment 
effects by hazard ratios is especially large here due to the 
overall low number of events in the CVOTs, that is, the 
low baseline risk (displayed as the proportion of events in 
Table 2) for the outcomes in the placebo groups.
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In view of these considerable differences between rela-
tive and absolute treatment effects, it is no surprise that trial 

authors and sponsors do not actively communicate NNTs, 
and of course, the FDA did not insist on that in their 2008 

Table 1  Description of included trials (Abbreviations: SD = standard 
deviation, BMI = body mass index, CV = cardiovascular, MI = myo-
cardial infarction, ESKD = end-stage kidney disease). When only 

medians and/or quartiles and/or minima/maxima were reported in the 
trails, we used the formula of Wan et al. [26] to calculate the respec-
tive mean and standard deviations

Trial Drug Mean (SD) 
age (years)

Propor-
tion male 
(%)

Mean (SD) 
HbA1c (%)

Mean (SD) 
BMI (kg/
m2)

Mean (SD) 
diabetes duration 
(years)

Components of primary 
outcome

DPP-4 inhibitors
CARMELINA Linagliptin 65.9

(9.1)
62.9 7.9

(1.0)
31.4
(5.3)

14.8
(9.5)

CV death, nonfatal MI, or 
nonfatal stroke

EXAMINE Alogliptin 61.0
(–-)

67.8 8.0
(1.1)

33.8
(6.6)

7.7
(8.2)

Death from CV causes, non-
fatal MI, or nonfatal stroke

SAVOR-TIMI53 Saxagliptin 65.1
(8.5)

66.9 8.0
(1.4)

31.1
(5.6)

10.7
(8.5)

CV death, MI, or ischemic 
stroke

TECOS Sitagliptin 65.5
(8.0)

70.7 7.2
(0.5)

30.2
(5.7)

11.6
(8.1)

CV death, nonfatal MI, non-
fatal stroke, or hospitaliza-
tion for unstable angina

GLP-1 receptor agonists
ELIXA Lixisenatide 60.3

(9.7)
69.4 7.7

(1.3)
30.2
(5.7)

9.3
(8.3)

CV death, MI, stroke, or 
hospitalization for unstable 
angina

EXSCEL Exenatide 62.0
(8.9)

62.0 8.1
(1.2)

32.0
(5.9)

12.2
(7.8)

Death from CV causes, non-
fatal MI, or nonfatal stroke

HARMONY Albiglutide 64.2
(8.7)

69.4 8.7
(1.5)

32.3
(5.9)

14.2
(8.8)

First occurrence of CV death, 
MI, or stroke

LEADER Liraglutide 64.3
(7.2)

64.2 8.7
(1.5)

32.5
(6.3)

12.9
(8.1)

Death from CV causes, non-
fatal MI, or nonfatal stroke

PIONEER Semaglutide 66.0
(7.0)

68.4 8.2
(1.6)

32.3
(6.5)

14.9
(8.5)

Death from CV causes, non-
fatal MI, or nonfatal stroke

REWIND Dulaglutide 66.2
(6.5)

53.7 7.4
(1.1)

32.3
(5.8)

10.6
(7.2)

Nonfatal MI, nonfatal stroke, 
or death from CV causes

SUSTAIN Semaglutide 64.6
(7.4)

60.7 8.7
(1.5)

32.8
(6.2)

13.9
(8.1)

CV death, nonfatal MI, or 
nonfatal stroke

SGLT2 inhibitors
CANVAS Canagliflozin 63.3

(8.3)
64.2 8.2

(0.9)
31.9
(5.9)

13.6
(7.7)

Sustained and adjudicated 
doubling in serum creati-
nine, ESKD, or death from 
renal causes

CREDENCE Canagliflozin 63.0
(9.2)

66.0 8.3
(1.3)

31.4
(6.2)

15.7
(8.7)

ESKD, doubling of the serum 
creatinine level, or death 
from renal or CV causes

DAPA-CKD Dapagliflozin 61.9
(12.2)

66.9 29.5
(6.2)

Sustained decline in the esti-
mated GFR of at least 50%, 
ESKD, or death from renal 
or CV causes

DAPA-HF Dapagliflozin 66.3
(10.9)

77.7 28.2
(6.0)

Worsening heart failure or 
CV death

DECLARE-TIMI 58 Dapagliflozin 63.9
(6.8)

62.6 8.3
(1.2)

32.1
(6.0)

10.9
(7.4)

CV death, MI, or ischemic 
stroke

EMPA-REG Empagliflozin 63.1
(8.7)

71.5 8.1
(0.8)

30.6
(5.2)

Death from CV causes, non-
fatal MI, or nonfatal stroke

EMPEROR-REDUCED Empagliflozin 66.8
(11.0)

76.0 27.9
(5.4)

CV death or hospitalization 
for heart failure

VERTIS-CV Ertugliflozin 64.4
(8.1)

70.0 8.2
(1.0)

31.9
(5.4)

13.0
(8.3)

Death from CV causes, non-
fatal MI, or nonfatal stroke
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guideline. Exceptions are found in CREDENCE [27] and 
DAPA-CKD [28], where NNTs are reported in the main 
paper, LEADER [29] and EMPA-REG OUTCOME [30] 
report NNTs in follow-up papers.

Until the trials’ maximum observation times, we observe 
NNT courses to be largely decreasing, thus pointing to 
increasing treatment effects. It is tempting to speculate 
that this increase would last also with larger observation/

Table 2  Description of included trials, separated by outcomes and drug classes (Abbreviation: HR = hazard ratio, CI = confidence interval)

Trial Number 
of events

Number of 
observa-
tions

Event 
proportion 
(%)

Median 
follow-up time 
(months)

Originally reported
HR [95% CI]

HR [95% CI] as 
computed from the 
digitalized data

HR [95% CI] as 
computed from the 
digitalized data under 
a Weibull model

Primary outcome
DPP-4 inhibitors
CARMELINA 852 6979 12.2 25.9 1.02 [0.89,1.17] 1.02 [0.90,1.17] 1.02 [0.89,1.16]
EXAMINE 621 5380 11.5 18.4 0.96 [ –,-] 0.96 [0.82,1.12] 0.95 [0.80,1.10]
SAVOR-TIMI53 1217 16,492 7.4 24.8 1.00 [0.89,1.12] 1.00 [0.89,1.11] 1.00 [0.88,1.11]
TECOS 1686 14,671 11.5 34.0 0.98 [0.89,1.08] 0.99 [0.90,1.09] 0.98 [0.88,1.07]
GLP-1 receptor agonists
ELIXA 790 6068 13.0 24.5 1.02 [0.89,1.17] 1.00 [0.87,1.15] 1.01 [0.87,1.15]
EXSCEL 1708 14,752 11.6 35.2 0.91 [0.83,1.00] 0.91 [0.83,1.00] 0.91 [0.83,1.00]
HARMONY 766 9463 8.1 19.0 0.78 [0.68,0.90] 0.79 [0.68,0.91] 0.78 [0.67,0.89]
LEADER 1298 9340 13.9 45.9 0.87 [0.78,0.97] 0.87 [0.78,0.96] 0.87 [0.77,0.96]
PIONEER 135 3183 4.2 15.9 0.79 [0.57,1.11] 0.79 [0.56,1.11] 0.79 [0.52,1.06]
REWIND 1243 9901 12.6 64.8 0.88 [0.79,0.99] 0.88 [0.79,0.99] 0.88 [0.79,0.98]
SUSTAIN 221 3297 6.7 22.1 0.74 [0.58,0.95] 0.73 [0.56,0.95] 0.72 [0.53,0.92]
SGLT2 inhibitors
CANVAS 1036 10,142 10.2 28.9 0.86 [0.75,0.97] 0.86 [0.76,0.97] 0.87 [0.77,0.98]
CREDENCE 583 4401 13.2 30.6 0.70 [0.59,0.82] 0.69 [0.59,0.82] 0.69 [0.58,0.81]
DAPA-CKD 493 4304 11.5 25.5 0.61 [0.51,0.72] 0.60 [0.50,0.72] 0.60 [0.49,0.71]
DAPA-HF 885 4744 18.7 17.5 0.74 [0.65,0.85] 0.75 [0.65,0.85] 0.75 [0.65,0.84]
DECLARE-TIMI58 1447 17,160 8.4 47.3 0.93 [0.84,1.03] 0.94 [0.84,1.04] 0.94 [0.84,1.03]
EMPA-REG 753 7020 10.7 36.2 0.86 [0.74,0.99] 0.85 [0.73,0.98] 0.84 [0.72,0.97]
EMPEROR-

REDUCED
808 3730 21.7 14.2 0.75 [0.65,0.86] 0.75 [0.65,0.86] 0.75 [0.65,0.85]

VERTIS-CV 959 8238 11.6 32.8 0.97 [0.85,1.11] 0.95 [0.83,1.09] 0.95 [0.82,1.08]
All-cause mortality
DPP-4 inhibitors
CARMELINA 739 6979 10.6 26.8 0.98 [0.84,1.13] 0.97 [0.84,1.12] 0.97 [0.83,1.11]
EXAMINE 316 5380 5.9 19.5 0.88 [0.71,1.09] 0.89 [0.72,1.11] 0.89 [0.70,1.09]
TECOS 1042 14,671 7.1 36.2 1.01 [0.90,1.14] 1.01 [0.89,1.14] 1.01 [0.88,1.13]
GLP-1 receptor agonists
EXSCEL 1051 14,752 7.1 40.1 0.86 [0.77,0.97] 0.86 [0.77,0.98] 0.86 [0.76,0.97]
LEADER 824 9340 8.8 46.5 0.85 [0.74,0.97] 0.84 [0.74,0.97] 0.85 [0.73,0.96]
REWIND 1109 9901 11.2 65.4 0.90 [0.80,1.01] 0.89 [0.79,1.00] 0.89 [0.78,0.99]
SGLT2 inhibitors
CANVAS 701 10,142 6.9 29.6 0.87 [0.74,1.01] 0.85 [0.73,0.99] 0.86 [0.73,0.99]
CREDENCE 366 4401 8.3 31.5 0.83 [0.68,1.02] 0.82 [0.67,1.01] 0.82 [0.65,0.99]
DAPA-CKD 234 4304 5.4 27.5 0.69 [0.53,0.88] 0.68 [0.52,0.88] 0.68 [0.50,0.85]
DAPA-HF 598 4744 12.6 18.2 0.83 [0.71,0.97] 0.84 [0.71,0.98] 0.84 [0.70,0.97]
DECLARE-TIMI58 954 17,160 5.6 47.3 0.93 [0.82,1.04] 0.95 [0.84,1.08] 0.95 [0.83,1.07]
EMPA-REG 461 7020 6.6 37.7 0.68 [0.57,0.82] 0.67 [0.56,0.81] 0.67 [0.55,0.80]
EMPEROR-

REDUCED
493 3730 13.2 15.6 0.92 [0.77,1.10] 0.91 [0.76,1.09] 0.92 [0.76,1.08]
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treatment times. However, this is not the case, the NNT by 
definition (and at least for the outcome of mortality which 
in the long run would occur for every patient) will reach a 
minimum and increase again thereafter. This is true even 
under the two assumptions of a constant treatment effect and 
all patients staying on their initial treatment. We observe this 
behaviour of a first-increasing-then-decreasing treatment 
effect also in our NNT projection for the CVOT data which 
confirms again the validity of our approach. But of course, 
the results of these projections rely heavily on extrapolating 

beyond the trials’ observation times, and thus should be con-
sidered exploratory [10].

We restricted our study to the two outcomes reported 
here because one was the primary outcome as suggested 
by the FDA (see Table 1 for the slightly different defini-
tions of the primary outcome in the respective trials) and 
the other (all-cause mortality) is the most unbiased clini-
cal endpoint possible [31]. Moreover, all-cause mortality 
is the only outcome in the CVOTs that is not affected by 
competing risks.

Fig. 1  NNTs for the single 
trials, separated by outcomes 
and drug classes (blue: DPP-4 
inhibitors, yellow: GLP-1 
receptor agonists, red: SGLT2 
inhibitors) with their pointwise 
95% confidence intervals. 
Estimates and confidence inter-
vals are truncated from above 
at 100.000. Please note the 
logarithmic scale on the y-axis 
(Color figure online)
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There have been previous analyses of NNTs in the large 
CVOTs in type 2 diabetes [10, 18] where both research 
groups also relied on individual data extracted from the 
original publications. However, as compared to Davies 
et al. [18], we did not restrict to the class of GLP-1 receptor 
agonists, but report NNTs also for two other drug classes. 

Moreover, we also report on the additional outcome of all-
cause mortality and offer an overall as well as a drug class-
specific meta-analytic summary. Ludwig et al. [10] only 
report on a limited non-systematic sample of CVOTs in two 
drug classes and only give NNT estimates at the respective 
median follow-up time although they emphasize correctly 

Table 3  Annual NNTs for years 1, 2, 3, and 4 with 95% confidence intervals, separated by outcomes and drug classes

Trial NNT [95% CI] after

12 months 24 months 36 months 48 months

Primary outcome
DPP-4 inhibitors
CARMELINA − 898 [181, − 129] − 446 [90, − 64] − 304 [62, − 44]
EXAMINE 255 [58, − 107] 167 [38, − 70]
SAVOR-TIMI53 6765 [237, − 255] 3487 [122, − 131]
TECOS 1026 [207, − 347] 540 [109, − 183] 378 [76, − 128] 296 [60, − 100]
GLP-1 receptor agonists
ELIXA − 1816 [108, − 97] − 1112 [66, − 59] − 849 [51, − 45]
EXSCEL 326 [159, − 7005] 162 [79, − 3577] 110 [54, − 2433] 84 [41, − 1867]
HARMONY 83 [52, 197] 43 [27, 103]
LEADER 207 [117, 881] 103 [58, 432] 69 [39, 291] 53 [30, 223]
PIONEER 136 [55, − 299]
REWIND 434 [227, 4938] 198 [104, 2163] 127 [67, 1366] 93 [49, 999]
SUSTAIN 80 [44, 464]
SGLT2 inhibitors
CANVAS 229 [119, 3170] 125 [65, 1732] 89 [46, 1236] 70 [36, 981]
CREDENCE 103 [70, 191] 35 [24, 63] 19 [13, 35]
DAPA-CKD 58 [43, 92] 20 [15, 31]
DAPA-HF 28 [20, 52] 17 [12, 30]
DECLARE-TIMI58 683 [266, − 1208] 343 [134, − 609] 232 [91, − 412]
EMPA-REG 170 [89, 1733] 84 [44, 822] 57 [30, 545] 43 [23, 413]
EMPEROR-REDUCED 22 [15, 43] 14 [10, 27]
VERTIS-CV 549 [147, − 317] 280 [75, − 162] 192 [52, − 111] 149 [40, − 86]
All-cause mortality
DPP-4 inhibitors
CARMELINA 1070 [165, − 239] 467 [72, − 104] 296 [46, − 66]
EXAMINE 223 [75, − 230] 129 [43, − 133]
TECOS − 9238 [445, − 406] − 4221 [204, − 186] − 2703 [130, − 119] − 1988 [96, − 87]
GLP-1 receptor agonists
EXSCEL 497 [271, 2948] 202 [110, 1168] 121 [66, 694] 85 [46, 486]
LEADER 423 [232, 2444] 170 [93, 943] 101 [56, 555] 71 [39, 387]
REWIND 740 [372, 57774] 288 [145, 15415] 168 [85, 8117] 116 [58, 5383]
SGLT2 inhibitors
CANVAS 475 [237,− 96864] 210 [105,− 50993] 131 [66,− 27830] 95 [47,− 17270]
CREDENCE 252 [123, − 5131] 96 [47, − 2356] 56 [27, − 1405]
DAPA-CKD 137 [82, 419] 55 [33, 163]
DAPA-HF 76 [40, 735] 37 [19, 353]
DECLARE-TIMI58 2019 [596, − 1455] 808 [239, − 583] 477 [141, − 344]
EMPA-REG 137 [91, 280] 62 [41, 122] 39 [26, 77] 28 [19, 56]
EMPEROR-REDUCED 138 [44, -124] 69 [22, − 62]
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that there is not a single global NNT for a specific trial. In 
addition, Ludwig et al. [10] do not use the original data (with 
the additional option to validate the digitalized data against 
those from the original publication), but rely on formulas 
for summary data. Finally, Davies et al. [18] and Ludwig 
et al. [10] use different software tools for data extraction 
and different statistical models to arrive at NNT estimates 
as compared to our approach. However, differences between 
reported NNTs (see supplemental Table 1) are marginal thus 
confirming in principle the consistency and validity of the 
approach of digital extraction of individual patient data from 
trial publications.

With respect to comparing originally reported hazard 
ratios and those computed from Weibull models within 
our own study, differences were also negligible. As such, 
it is also no disadvantage that the functional form of the 
NNT dynamics in time and all the derived NNT at fixed 
time points reported here were determined by the paramet-
ric form. It might rather be considered an advantage that 
a smooth and plausible function was generated. Moreo-
ver, we saw that the full Weibull survival functions (from 
which the NNTs are directly derived) give excellent fits to 
the digitalized survival data. There are also other possible 
parametric assumptions for the outcome data (e.g. Davies 
et al. [18] used the Royston–Parmar model which allows 
for even more flexible survival functions), but we chose the 
Weibull because it allows for computing hazard ratios and 
thus a comparison to the digitalized data. It should be also 
noted that the original hazard ratios from the CVOTs were 
all computed from Cox models that assume proportional 
hazards in treatment groups across the trial course, and of 
course, this proportional hazards assumption in the original 
trials might also be wrong. In effect, we feel the Weibull 
assumption is not that more restrictive than the proportional 
hazards assumption; however, a parametric model addition-
ally allows for directly estimating survival probabilities and 
NNTs.

It is fair to point to some limitations of our study. We did 
not perform a lege artis systematic review with a systematic 
literature search and a published study protocol. Instead, we 
relied on a published scheme of the large CVOTs, which 
we yet consider complete. Indeed, we have waived a formal 
systematic review because there are a number of systematic 
reviews of the new antidiabetic drugs already available and 
the focus of our work was a methodical one, that is, the 
computation of absolute effects and their comparison with 
the reported relative effects.

Of course, meta-analyses of absolute effects face the 
same threats as those for all other outcome types, with the 
most important question always being whether the studies 
are sufficiently homogeneous to be pooled. Admittedly, in 
the case of absolute effects there is the additional point that 
effect estimates depend on the underlying baseline risk of 

the event. However, the CVOTs that we use here had been 
pooled in numerous meta-analyses up to now, thus confirm-
ing that researchers in general judge clinical heterogeneity 
to be small.

In terms of the NNT as an effect measure, Hansen et al. 
[32] noted the problem of the “lottery-like” appearance of 
the NNT. Communicating a fixed value for the NNT (for 
example, 100, as calculated here for the global NNT with 
respect to the primary outcome) seems to imply that only 
exactly one in 100 patients benefits from treatment. While 
this is formally true for the primary outcome, it is clini-
cally far more plausible that most patients will benefit from 
treatment, at least to some extent, because anti-glycaemic 
treatment lowers glucose for most patients and glucose low-
ering is clearly correlated with the risk of a cardiovascu-
lar outcome. Finally, there is solid empirical evidence that 
patients have problems with interpreting and understanding 
NNTs. Indeed, even largely different NNT values presented 
to randomized groups do not result in different acceptance 
proportions to treatment [33–35]. We therefore agree with 
other researchers [36, 37] that the NNT should better not be 
used for communication with patients, but rather in research 
contexts and for communication with health professionals. 
However, it should be realized that relative effect measures 
like hazard ratios are also not well understood by patients 
[38].

All included trials address new antidiabetic drugs, how-
ever, no other factors that also determine total cardiovas-
cular risk (e.g. blood pressure, cholesterol, environmental 

Fig. 2  Meta-NNTs for the two outcomes across all trials and drug 
classes with their pointwise 95% confidence intervals. Meta-NNTs 
were calculated by standard random-effects inverse-variance meta-
analysis methods, separately for each month. All computations were 
performed on the probability difference scale and only then trans-
formed to the NNT scale. Please note the logarithmic scale on the 
y-axis. With respect to the primary outcome, Meta-NNTs were com-
puted from the single trials’ primary outcomes which slightly differ in 
their definition (see Table 1)
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background, genetic background, etc.). In addition, reporting 
of cardiovascular risk of trial populations was limited. Study 
designs with multifactorial therapeutic approaches and care-
ful characterization of the underlying population risk (e.g. 
the NID-2 study [39]) are probably more appropriate to 
evaluate absolute treatment effects. However, our approach 
yields results at an average risk of all included patients and 
is thus a valid way to describe absolute treatment effects.

In summary, this study provides a comprehensive analysis 
of the absolute treatment effects of the newer antidiabetic 

drug classes (DPP-4 inhibitors, GLP-1 receptor agonists, and 
SGLT2 inhibitors) from the large CVOTs of new antidiabetic 
drugs. We found that the respective treatment effects look 
much less impressive when communicated on an absolute 
scale, as numbers needed to treat. For a valid overall picture 
of the benefit of these new antidiabetic drugs, trial authors 
should thus also report treatment effects on an absolute 
scale. Authorities responsible for approval should continue 
to ask for absolute effects estimates to enable health profes-
sionals and policy makers to make better informed decisions.

Fig. 3  Overall Meta-NNTs for 
the two outcomes, separated by 
drug classes (blue: DPP-4 inhib-
itors, yellow: GLP-1 receptor 
agonists, red: SGLT2 inhibitors) 
with their pointwise 95% confi-
dence intervals. Estimates and 
confidence intervals are trun-
cated from above at 100.000. 
Please note the logarithmic 
scale on the y-axis. With respect 
to the primary outcome, Meta-
NNTs were computed from the 
single trials’ primary outcomes 
which slightly differ in their 
definition (see Table 1) (Color 
figure online)



1358 Acta Diabetologica (2022) 59:1349–1359

1 3

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00592- 022- 01917-9.

Funding Open Access funding enabled and organized by Projekt 
DEAL. There was no external funding for this study.

Declarations 

Conflict of interest OK received honoraria for biostatistical education 
from Berlin-Chemie. MR received personal fees from Allergan, Astra-
Zeneca, Bristol-Myers-Squibb, Eli Lilly, Fishawack Group, Gilead 
Sciences, Intercept Pharma, Inventiva, Novartis, Novo Nordisk, Pfizer, 
Prosciento, Sanofi US and Target RWE and investigator-initiated re-
search support from Boehringer-Ingelheim, Nutricia/Danone and Sa-
nofi-Aventis. All other coauthors (CA, SS, AG, MK, and GW) declare 
that they have no conflict of interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Nissen SE, Wolski K (2007) Effect of rosiglitazone on the risk of 
myocardial infarction and death from cardiovascular causes. N 
Engl J Med 356(24):2457–2471

 2. U.S. Food and Drug Administration. Guidance for industry: Dia-
betes mellitus - Evaluating cardiovascular risk in new antidiabetic 
therapies to treat type 2 diabetes [Internet]. https:// www. fda. gov/ 
downl oads/ Drugs/ Guida nceCo mplia nceRe gulat oryIn forma tion/ 
Guida nces/ ucm07 1627. pdf

 3. Cefalu WT, Kaul S, Gerstein HC, et al. (2018) Cardiovascular 
outcomes trials in type 2 diabetes: where do we go from here? 
Reflections from a diabetes care editors’ expert forum. Diabetes 
Care 41(1):14–31

 4. Buse JB, Wexler DJ, Tsapas A, et al. (2020) 2019 Update to: 
management of hyperglycemia in type 2 diabetes, 2018. A con-
sensus report by the American diabetes association (ADA) and the 
European association for the study of diabetes (EASD). Diabetes 
Care 43(2):487–493

 5. Cosentino F, Grant PJ, Aboyans V, et al. (2020) 2019 ESC Guide-
lines on diabetes, pre-diabetes, and cardiovascular diseases devel-
oped in collaboration with the EASD. Eur Heart J 41(2):255–323

 6. Schulz KF, Altman DG, Moher D, CONSORT Group (2010) 
CONSORT 2010 statement: updated guidelines for reporting 
parallel group randomised trials. BMJ 340:c332

 7. Guyatt GH, Oxman AD, Santesso N, et al. (2013) GRADE guide-
lines: 12. Preparing summary of findings tables-binary outcomes. 
J Clin Epidemiol 66(2):158–172

 8. The Academy of Medical Sciences (2019) Sources of evidence for 
assessing medicines. https:// acmed sci. ac. uk/ policy/ policy- proje 
cts/ metho ds- of- evalu ating- evide nce. Accessed 23 Sept 2019

 9. Ferrannini E, Rosenstock J (2021) Clinical translation of cardio-
vascular outcome trials in type 2 diabetes: is there more or is there 
less than meets the eye? Diabetes Care 44(3):641–646

 10. Ludwig L, Darmon P, Guerci B (2020) Computing and interpret-
ing the number needed to treat for cardiovascular outcomes tri-
als: perspective on GLP-1 RA and SGLT-2i therapies. Cardiovasc 
Diabetol 19(1):65

 11. Wegwarth O, Gigerenzer G (2018) The barrier to informed choice 
in cancer screening: statistical illiteracy in physicians and patients. 
Recent Res Cancer Res 210:207–221

 12. Sprenger J, Stegenga J (2017) Arguments for absolute outcome 
measures. Philos Sci 84:840–852

Fig. 4  Projected overall Meta-
NNTs for all-cause mortality, 
separated by drug classes (blue: 
DPP-4 inhibitors, yellow: 
GLP-1 receptor agonists, red: 
SGLT2 inhibitors) with their 
pointwise 95% confidence 
intervals. Estimates and con-
fidence intervals are truncated 
from above at 100.000. Please 
note the logarithmic scale on 
the y-axis. With respect to the 
primary outcome, Meta-NNTs 
were computed from the single 
trials’ primary outcomes which 
slightly differ in their defini-
tion (see Table 1) (Color figure 
online)

https://doi.org/10.1007/s00592-022-01917-9
http://creativecommons.org/licenses/by/4.0/
https://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm071627.pdf
https://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm071627.pdf
https://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm071627.pdf
https://acmedsci.ac.uk/policy/policy-projects/methods-of-evaluating-evidence
https://acmedsci.ac.uk/policy/policy-projects/methods-of-evaluating-evidence


1359Acta Diabetologica (2022) 59:1349–1359 

1 3

 13. King NB, Harper S, Young ME (2012) Use of relative and abso-
lute effect measures in reporting health inequalities: structured 
review. BMJ 345:e5774

 14. Alonso-Coello P, Carrasco-Labra A, Brignardello-Petersen R, 
et al. (2016) Systematic reviews experience major limitations in 
reporting absolute effects. J Clin Epidemiol 72:16–26

 15. Hasan H, Goddard K, Howard AF (2019) Utility of the number 
needed to treat in paediatric haematological cancer randomised 
controlled treatment trials: a systematic review. BMJ Open 
9(2):e022839

 16. Heneghan C, Mahtani KR (2019) Absolute effects of statins in the 
elderly. BMJ Evid Based Med 24(5):200–202

 17. Raittio E, Ashraf J, Farmer J, Nascimento GG, Aldossri M (2022) 
Reporting of absolute and relative risk measures in oral health and 
cardiovascular events studies: a systematic review. Commun Dent 
Oral Epidemiol. https:// doi. org/ 10. 1111/ cdoe. 12738

 18. Davies MJ, Kloecker DE, Webb DR, Khunti K, Zaccardi F (2020) 
Number needed to treat in cardiovascular outcome trials of gluca-
gon-like peptide-1 receptor agonists: a systematic review with 
temporal analysis. Diabetes Obes Metab 22(9):1670–1677

 19. Rohatgi A, WebPlotDigitizer [Internet]. https:// autom eris. io/ 
WebPl otDig itizer

 20. Guyot P, Ades AE, Ouwens MJ, Welton NJ (2012) Enhanced 
secondary analysis of survival data: reconstructing the data from 
published Kaplan-Meier survival curves. BMC Med Res Meth-
odol 12:9

 21. Moeyaert M, Maggin D, Verkuilen J (2016) Reliability, validity, 
and usability of data extraction programs for single-case research 
designs. Behav Modif 40(6):874–900

 22. Drevon D, Fursa SR, Malcolm AL (2017) Intercoder reliabil-
ity and validity of WebPlotDigitizer in extracting graphed data. 
Behav Modif 41(2):323–339

 23. Saluja R, Cheng S, Delos Santos KA, Chan KKW (2019) Estimat-
ing hazard ratios from published Kaplan-Meier survival curves: a 
methods validation study. Res Synth Methods 10(3):465–475

 24. Collett D (2015) Modelling survival data in medical research, 3rd 
edn. CRC Press, Boca Raton

 25. Akbulut C, Kuss O (2022) Data set from "Absolute treatment 
effects for the primary outcome and all-cause mortality in the 
cardiovascular outcome trials of new antidiabetic drugs–a meta-
analysis of digitalized individual patient data" [Data set]. Zenodo. 
https:// doi. org/ 10. 5281/ zenodo. 66304 21

 26. Wan X, Wang W, Liu J, Tong T (2014) Estimating the sample 
mean and standard deviation from the sample size, median, range 
and/or interquartile range. BMC Med Res Methodol 14:135

 27. Perkovic V, Jardine MJ, Neal B et al (2019) Canagliflozin and 
renal outcomes in type 2 diabetes and nephropathy. N Engl J Med 
380(24):2295–2306

 28. Heerspink HJL, Stefánsson BV, Correa-Rotter R et al (2020) 
Dapagliflozin in patients with chronic kidney disease. N Engl J 
Med 383(15):1436–1446

 29. Verma S, Poulter NR, Bhatt DL, et al. (2018) Effects of liraglutide 
on cardiovascular outcomes in patients with type 2 diabetes mel-
litus with or without history of myocardial infarction or stroke. 
Circulation 138(25):2884–2894

 30. Fitchett D, Zinman B, Wanner C et al (2016) Heart failure out-
comes with empagliflozin in patients with type 2 diabetes at high 
cardiovascular risk: results of the EMPA-REG  OUTCOME® trial. 
Eur Heart J 37(19):1526–1534

 31. EUnetHTA 2013. Endpoints used for relative effectiveness assess-
ment of pharmaceuticals. Clinical endpoints. https:// www. eunet 
hta. eu/ wp- conte nt/ uploa ds/ 2018/ 01/ Clini cal- endpo ints. pdf. 
Accessed 19 April 2022

 32. Hansen MR, Hróbjartsson A, Pottegård A, et al. (2019) Postpone-
ment of death by statin use: a systematic review and meta-analysis 
of randomized clinical trials. J Gen Intern Med 34(8):1607–1614

 33. Christensen PM, Brosen K, Brixen K, Andersen M, Kristiansen IS 
(2003) A randomized trial of laypersons’ perception of the benefit 
of osteoporosis therapy: number needed to treat versus postpone-
ment of hip fracture. Clin Ther 25(10):2575–2585

 34. Dahl R, Gyrd-Hansen D, Kristiansen IS, Nexøe J, Bo NJ (2007) 
Can postponement of an adverse outcome be used to present risk 
reductions to a lay audience? A population survey. BMC Med 
Inform Decis Mak 7:8

 35. Albarqouni L, Doust J, Glasziou P (2017) Patient preferences for 
cardiovascular preventive medication: a systematic review. Heart 
103(20):1578–1586

 36. Zipkin DA, Umscheid CA, Keating NL, et al. (2014) Evidence-
based risk communication: a systematic review. Ann Intern Med 
161(4):270–280

 37. Kloecker DE, Davies MJ, Khunti K, Zaccardi F (2020) Uses and 
limitations of the restricted mean survival time: illustrative exam-
ples from cardiovascular outcomes and mortality trials in type 2 
diabetes. Ann Intern Med 172(8):541–552

 38. Weir IR, Marshall GD, Schneider JI, et al. (2019) Interpretation 
of time-to-event outcomes in randomized trials: an online rand-
omized experiment. Ann Oncol 30(1):96–102

 39. Sasso FC, Pafundi PC, Simeon V, et al. (2021) Efficacy and dura-
bility of multifactorial intervention on mortality and MACEs: a 
randomized clinical trial in type-2 diabetic kidney disease. Car-
diovasc Diabetol 20(1):145

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1111/cdoe.12738
https://automeris.io/WebPlotDigitizer
https://automeris.io/WebPlotDigitizer
https://doi.org/10.5281/zenodo.6630421
https://www.eunethta.eu/wp-content/uploads/2018/01/Clinical-endpoints.pdf
https://www.eunethta.eu/wp-content/uploads/2018/01/Clinical-endpoints.pdf

	Absolute treatment effects for the primary outcome and all-cause mortality in the cardiovascular outcome trials of new antidiabetic drugs: a meta-analysis of digitalized individual patient data
	Abstract
	Aims 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Results
	Discussion
	References




