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Long-term kidney outcomes of semaglutide 
in obesity and cardiovascular disease in the 
SELECT trial

Helen M. Colhoun    1  , Ildiko Lingvay    2, Paul M. Brown3, John Deanfield4, 
Kirstine Brown-Frandsen3, Steven E. Kahn5, Jorge Plutzky    6, Koichi Node    7, 
Alexander Parkhomenko    8, Lars Rydén9, John P. H. Wilding    10, 
Johannes F. E. Mann11, Katherine R. Tuttle    12, Thomas Idorn3, Naveen Rathor3 & 
A. Michael Lincoff    13

The SELECT trial previously reported a 20% reduction in major adverse 
cardiovascular events with semaglutide (n = 8,803) versus placebo 
(n = 8,801) in patients with overweight/obesity and established 
cardiovascular disease, without diabetes. In the present study, we examined 
the effect of once-weekly semaglutide 2.4 mg on kidney outcomes in 
the SELECT trial. The incidence of the pre-specified main composite 
kidney endpoint (death from kidney disease, initiation of chronic kidney 
replacement therapy, onset of persistent estimated glomerular filtration 
rate (eGFR) < 15 ml min−1 1.73 m−2, persistent ≥50% reduction in eGFR or 
onset of persistent macroalbuminuria) was lower with semaglutide (1.8%) 
versus placebo (2.2%): hazard ratio (HR) = 0.78; 95% confidence interval  
(CI) 0.63, 0.96; P = 0.02. The treatment benefit at 104 weeks for eGFR  
was 0.75 ml min−1 1.73 m−2 (95% CI 0.43, 1.06; P < 0.001) overall and  
2.19 ml min−1 1.73 m−2 (95% CI 1.00, 3.38; P < 0.001) in patients with baseline 
eGFR <60 ml min−1 1.73 m−2. These results suggest a benefit of semaglutide 
on kidney outcomes in individuals with overweight/obesity, without 
diabetes. ClinicalTrials.gov identifier: NCT03574597.

Obesity is a risk factor for decline in glomerular filtration rate (GFR) 
and increased albuminuria1,2. Although part of this association is 
due to diabetes and associated cardiometabolic disturbances, even 
in individuals without diabetes, obesity increases the risk of an esti-
mated glomerular filtration rate (eGFR) < 60 ml min−1 1.73 m−2 (that 
is, stage 3 or worse chronic kidney disease (CKD)). For example, body 
mass index (BMI) was a predictive covariate in the CKD Prognosis 
Consortium risk equation for kidney failure or eGFR loss, based on 
31 international cohorts in approximately 4.5 million individuals 
without diabetes3. Mendelian randomization studies found evidence 
that the association between overweight and obesity with CKD is 
causal. For example, for a 5-kg m−2 higher genetically predicted BMI, 

the odds of CKD were increased by 49%, with 30% not attributed to  
known mediators4,5.

Potential mechanisms underlying CKD in obesity included 
hyperfiltration, increased inflammation, oxidative stress, increased 
tubular sodium reabsorption and activation of the renin–angioten-
sin–aldosterone system6,7. Kidney pathological features associated 
with obesity included ectopic lipid accumulation, increased kidney 
sinus fat, hyperfiltration-related glomerular filtration barrier injury and 
obesity-related glomerulopathy (focal segmental glomerulosclerosis 
with or without glomerulomegaly)2,8. An important question is, there-
fore, how best to prevent or treat obesity-related CKD. An ideal therapy 
for obesity-related CKD would be one that reduces body weight and 
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of whom 80 and 95, respectively, experienced a main endpoint. The 
remainder of these patients did not develop persistent macroalbu-
minuria (or any of the other qualifying events for the main endpoint).

Effect of semaglutide on eGFR at 104 weeks
At the pre-specified timepoint of 104 weeks, the mixed model for 
repeated measures (MMRM) estimated that eGFR had declined 
less in the semaglutide arm (−0.86 ml min−1 1.73 m−2) versus the pla-
cebo arm (−1.61 ml min−1 1.73 m−2), giving a net treatment benefit of 
0.75 ml min−1 1.73 m−2 (95% CI 0.43, 1.06; P < 0.001) for the overall popu-
lation (Table 1 and Fig. 4a).

In patients with baseline eGFR ≥60 ml min−1 1.73 m−2 at 104 weeks, 
eGFR had declined less in the semaglutide arm versus the placebo 
arm, with an estimated treatment difference of 0.57 ml min−1 1.73 m−2 
(95% CI 0.26, 0.89; P < 0.001; Table 1 and Fig. 5a). In the subgroup 
with eGFR <60 ml min−1 1.73 m−2 at baseline, there was a rise in eGFR 
that was greater with semaglutide (5.28 ml min−1 1.73 m−2) versus 
placebo (3.09 ml min−1 1.73 m−2) at 104 weeks (treatment difference: 
2.19 ml min−1 1.73 m−2; 95% CI 1.00, 3.38; P < 0.001; Table 1 and Fig. 5a). 
The changes in eGFR in each treatment arm in patients with and without 
albuminuria at baseline are shown in Extended Data Fig. 1.

Effect of semaglutide on total and chronic eGFR slope
The total eGFR slope analysis (Table 1) showed that the fall in 
eGFR expressed per year across the entire trial duration was 
−0.78 ml min−1 1.73 m−2 per year in patients randomized to semaglutide 
compared to −1.17 ml min−1 1.73 m−2 per year in patients randomized 
to placebo, giving a 0.39 ml min−1 1.73 m−2 per year lower slope in 

has direct effects on pathways involved in kidney injury. Glucagon-like 
peptide-1 (GLP-1) receptor agonists (GLP-1RAs) may have such direct 
kidney protective effects, with some evidence of altered expression 
of fibrosis-associated and inflammation-associated genes and down-
regulation of the receptor for advanced glycation end products9–11.

A meta-analysis of secondary analyses from large cardiovascu-
lar disease (CVD) outcome trials of GLP-1RAs in patients with type 2  
diabetes and high cardiovascular risk showed an improvement in 
composite kidney outcome measures12. However, it remains unclear 
whether GLP-1RAs, such as semaglutide, are associated with beneficial 
effects on kidney function in individuals with overweight or obesity, 
without diabetes.

The SELECT trial demonstrated that once-weekly subcutaneous 
semaglutide 2.4 mg was associated with a 20% reduction in major 
adverse cardiovascular events (MACE) versus placebo in patients with 
pre-existing CVD and a BMI of ≥27 kg m−2, without diabetes13. In this 
pre-specified analysis of SELECT, we examined the effects of semaglu-
tide on a range of kidney outcomes.

Results
Baseline characteristics
A total of 8,803 patients were randomized to semaglutide 2.4 mg and 
8,801 to placebo. As shown in Supplementary Table 1, the baseline char-
acteristics of patients in the SELECT trial were well balanced between 
treatment arms with respect to kidney function and albuminuria sta-
tus as well as other characteristics. Of note, just over one-fifth of the 
trial population had either an eGFR <60 ml min−1 1.73 m−2 or a urinary 
albumin-to-creatinine ratio (UACR) ≥ 30 mg g−1 at baseline. The median 
follow-up time was 182 weeks.

Follow-up
As reported previously13, permanent premature discontinuation 
occurred in 2,351 patients (26.7%) in the semaglutide group and in 2,078 
patients (23.6%) in the placebo group. Patients received the assigned 
trial product for 82.5% and 87.7% of the potential treatment time in the 
semaglutide and placebo arms, respectively. A total of 17,061 patients 
(96.9%) completed the trial (defined as having attended the final trial 
visit or died), and vital status was available for 17,495 patients (99.4%).

Effect of semaglutide on the main kidney endpoint
The pre-specified 5-component main kidney endpoint was the first 
specified death from kidney disease, initiation of chronic kidney 
replacement therapy (dialysis or transplantation), onset of persistent 
eGFR <15 ml min−1 1.73 m−2, persistent ≥50% reduction in eGFR com-
pared to baseline or onset of persistent macroalbuminuria. By the end 
of follow-up, 1.8% of patients randomized to semaglutide experienced 
this endpoint versus 2.2% of patients randomized to placebo (Fig. 1). 
Randomization to the semaglutide arm was associated with a hazard 
ratio (HR) of 0.78 (95% confidence interval (CI) 0.63, 0.96; P = 0.02) 
for the in-trial analysis. For the on-treatment analysis set, the HR was 
0.75 (95% CI 0.59, 0.94; P = 0.01). Figure 2 shows the HR for the effect of 
treatment on the individual components of the composite. The effect 
on the main endpoint was driven by the treatment effect on onset of 
macroalbuminuria and persistent ≥50% reduction in eGFR, with the 
other components being sparse.

Figure 3 shows the effect of semaglutide on the main endpoint 
across subgroups defined by the selected baseline characteristics. 
No statistically significant interactions were observed in any sub-
group with the treatment effect of semaglutide. In a post hoc analy-
sis, the HR was 0.74 (95% CI 0.58, 0.94) in those 13,054 patients on 
an angiotensin-converting enzyme inhibitor (ACEi) or angiotensin 
receptor blockers (ARBs) and was 0.92 (95% CI 0.60, 1.42) in those 4,550 
patients who were not on ACEi/ARB (P = 0.39 for the interaction). In 
total, 159 patients were in the semaglutide arm, and 166 patients were 
in the placebo arm, with a randomization UACR ≥ 300 mg g−1 (Fig. 3), 
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Fig. 1 | Time to first occurrence of the main 5-component kidney composite 
endpointa. Data are the observed (that is, as measured) probability of patients 
experiencing their first occurrence of the main 5-component kidney composite 
endpoint during the in-trial period, analyzed using the Kaplan–Meier method, 
and the estimated HR, analyzed using a Cox regression model. Tied events were 
handled using the Exact method, if possible, or Efron’s method, if not. Numbers 
below the graph are the number of patients at risk. P values are two-sided and 
were not adjusted for multiplicity. a The main 5-component kidney composite 
endpoint included death from kidney causes, initiation of chronic kidney 
replacement therapy (dialysis or transplantation), onset of persistent eGFR 
<15 ml min−1 1.73 m−2, persistent ≥50% reduction in eGFR compared to baseline or 
onset of persistent macroalbuminuria.
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patients receiving semaglutide versus placebo (95% CI 0.30, 0.48; 
P < 0.001). The chronic slope estimate (that is, fall in eGFR expressed 
per year from 20 weeks onwards) showed a similar treatment effect of 
a 0.29 ml min−1 1.73 m−2 per year lower slope in patients randomized 
to semaglutide.

Effect of semaglutide on acute eGFR to week 20
As shown in Fig. 4a, in the patients from European centers (34.1% of all 
patients) in whom eGFR was measured at additional timepoints up to 
16 weeks, there was an initial decline in eGFR that was more pronounced 
in the semaglutide arm, reaching its nadir at 8 weeks. The acute slope 
(that is, the annualized difference in eGFR between treatment arms 
in this short period of 16 weeks) was a −1.33 ml min−1 1.73 m−2 per year 
greater decline in patients randomized to semaglutide. By week 20, 
eGFR was similar in both treatment arms overall.

Correlation and mediation between eGFR change and changes 
in body weight, blood pressure and glycated hemoglobin
This study had insufficient power for a formal mediation analysis of the 
main composite kidney endpoint. Exploratory analyses indicated that 
there was little correlation between the within-person change in eGFR 
and the within-person changes in body weight, systolic blood pressure 
or glycated hemoglobin (HbA1c) in the semaglutide or placebo arms 
(Supplementary Table 2). However, a mediation analysis suggested 
that 81% (95% CI 41.30, 120) of the change in eGFR was attributable to 
change in body weight with considerable imprecision in the estimate.

Effect of semaglutide on UACR
The MMRM-estimated changes in UACR over time in the overall popu-
lation and by UACR subgroup are shown in Fig. 4b and summarized 
in Table 1. At 104 weeks, the UACR was estimated to have risen less in 
terms of percentage change from baseline in the semaglutide versus 
placebo arm, giving a net treatment benefit of −10.7% (95% CI −13.2, 
−8.2; P < 0.001) for the overall population.

When assessed by UACR subgroup (Fig. 5b), the pattern for 
patients with UACR at randomization <30 mg g−1 was similar to the 
overall study population (treatment difference: −8.1%; 95% CI −10.6, 
−5.6; P < 0.001). In patients with UACR ≥ 30 mg g−1 (Table 1), there was 
a fall in UACR that was greater in patients randomized to semaglutide 
versus placebo, with treatment differences of −27.2% (95% CI −35.3, 

−18.1; P < 0.001) for patients with UACR ≥ 30 mg g−1 to <300 mg g−1 and 
−31.4% (95% CI −54.9, 4.3; P = 0.08) for patients with UACR ≥ 300 mg g−1. 
A similar trajectory of UACR change over time and treatment effect was 
seen when stratified by baseline eGFR (Extended Data Fig. 2).

Effect of semaglutide on other pre-specified kidney endpoints
Supplementary Table 3 summarizes the effect of semaglutide versus 
placebo on the other composite kidney endpoints and time to specific 
eGFR fall thresholds. For a 5-component endpoint that differed from the 
main 5-component endpoint in excluding incident macroalbuminuria 
but including death from cardiovascular causes, the HR was 0.82 (95% 
CI 0.69, 0.97; P = 0.02). Due to a small number of events, treatment 
effects on the additional endpoints, including two further composite 
endpoints that excluded macroalbuminuria, were not significant, even 
though the point estimates were consistent with HRs all below 1.

Adverse events by baseline eGFR
The adverse events occurring in the two treatment arms were reported 
previously13. In brief, there were more adverse events leading to per-
manent discontinuation in patients receiving semaglutide (16.6% of 
patients randomized) versus placebo (8.2%; P < 0.001), mostly compris-
ing gastrointestinal effects. Supplementary Table 4 shows that, within 
both treatment arms, such discontinuations were more common in 
patients with baseline eGFR <60 ml min−1 1.73 m−2, with gastrointestinal 
effects predominating. There was no excess of acute kidney failure 
in patients randomized to semaglutide, regardless of baseline eGFR.

Discussion
In this pre-specified analysis of the SELECT trial, we found that allo-
cation to once-weekly subcutaneous semaglutide 2.4 mg in patients 
living with overweight or obesity was associated with a 22% reduction 
in the main 5-component kidney composite endpoint. The treatment 
effect on this event-based endpoint was driven by reduced incidence 
of macroalbuminuria and onset of persistent ≥50% reduction in eGFR.

We confirmed consistent direction of treatment effects for other 
pre-specified composites, including a significant 18% reduction in a 
kidney composite endpoint that comprised death from kidney causes, 
initiation of chronic kidney replacement therapy, onset of persistent 
eGFR <15 ml min−1 1.73 m−2, persistent ≥50% reduction in eGFR or death 
from CVD causes. This composite is used as a primary endpoint in 

0.1 1.0 10.0
HR (95% CI)

Favors semaglutide 2.4 mg Favors placebo

Semaglutide 2.4 mg 
(N = 8,803), n (%)

Placebo
(N = 8,801), n (%)

HR (95% CI);
P value

5-component
kidney composite endpoint 155 (1.8) 198 (2.2) 0.78 (0.63, 0.96); 0.02

Death due to kidney disease 0 0 N/A

Initiation of chronic kidney 
replacement therapya 4 (0.0) 6 (0.1) 0.66 (0.17, 2.32); 0.52

Onset of persistent eGFR
<15 ml min–1 1.73 m–2 5 (0.1) 4 (0.0) 1.24 (0.33, 5.02); 0.74

Onset of persistent ≥50%
reduction in eGFR 12/8,724b (0.1) 21/8,742b (0.2) 0.57 (0.27, 1.14); 0.11

Onset of persistent
macroalbuminuria 144 (1.6) 179 (2.0) 0.80 (0.64, 1.00); 0.05

Fig. 2 | Effect of semaglutide 2.4 mg on the main 5-component kidney 
composite endpoint. Data are the observed (that is, as measured) n (%) of 
patients experiencing the first event that contributed to the main 5-component 
kidney composite endpoint from the in-trial observation period and the HR, and 
95% CI was estimated using a Cox regression model. The symbols are the HRs, and 

the error bars are the 95% CIs. P values are two-sided and were not adjusted for 
multiplicity. a Dialysis or kidney transplantation. b Percent reduction is defined 
from baseline; the denominator is, therefore, reduced because of patients 
missing a baseline score. N/A, not applicable.
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HR (95% CI)

Favors semaglutide 2.4 mg Favors placebo

Semaglutide 
2.4 mg, n (%)

Placebo,
n (%)

0.1 1.0 10.0

Subgroup HR 
(95% CI)

Interaction
P valueb

Overall population 155/8,803 (1.8) 198/8,801 (2.2) 0.78 (0.63, 0.96)

Age, years

<60 51/3,759 (1.4) 59/3,707 (1.6) 0.85 (0.58, 1.23)
0.60

≥60 104/5,044 (2.1) 139/5,094 (2.7) 0.75 (0.58, 0.97)

Sex

Female 29/2,448 (1.2) 43/2,424 (1.8) 0.66 (0.42, 1.06)
0.46

Male 126/6,355 (2.0) 155/6,377 (2.4) 0.81 (0.64, 1.03)

Race

Asian 26/720 (3.6) 27/727 (3.7) 0.96 (0.56, 1.64)

0.36
Black/African American 8/348 (2.3) 15/323 (4.6) 0.49 (0.21, 1.16)

White 113/7,387 (1.5) 149/7,404 (2.0) 0.76 (0.59, 0.97)

Other 8/253 (3.2) 6/273 (2.2) 1.47 (0.51, 4.23)

Ethnicity

Hispanic/Latino 18/914 (2.0) 24/908 (2.6) 0.75 (0.40, 1.37)
0.87

Not Hispanic/Latino 137/7,794 (1.8) 173/7,817 (2.2) 0.79 (0.63, 0.99)

Baseline eGFR, ml min–1 1.73 m–2

<60 75/970 (7.7) 73/938 (7.8) 0.97 (0.70, 1.34)
0.06

≥60 80/7,804 (1.0) 125/7,834 (1.6) 0.64 (0.48, 0.85)

Baseline UACR, mg g–1

<30 24/7,377 (0.3) 31/7,471 (0.4) 0.78 (0.46, 1.33)

0.7030–<300 47/1,027 (4.6) 67/941 (7.1) 0.63 (0.44, 0.92)

≥300 80/159 (50.3) 95/166 (57.2) 0.77 (0.57, 1.03)

Baseline body weight, kg

<90 74/3,429 (2.2) 76/3,454 (2.2) 0.98 (0.71, 1.35)

0.25
90–<100 35/2,157 (1.6) 49/2,049 (2.4) 0.67 (0.44, 1.04)

100–<115 23/2,012 (1.1) 42/2,043 (2.1) 0.55 (0.33, 0.92)

≥115 23/1,205 (1.9) 31/1,255 (2.5) 0.77 (0.45, 1.32)

Baseline BMI, kg m–2

<30 53/2,555 (2.1) 51/2,470 (2.1) 1.00 (0.68, 1.47)

0.27
30–<35 60/3,694 (1.6) 79/3,780 (2.1) 0.77 (0.55, 1.08)

35–<40 32/1,687 (1.9) 46/1,660 (2.8) 0.68 (0.44, 1.07)

≥40 10/867 (1.2) 22/891 (2.5) 0.46 (0.22, 0.97)

Baseline HbA1c, %

<5.7 55/2,925 (1.9) 60/2,980 (2.0) 0.93 (0.65, 1.34)

0.465.7–6.0 49/3,065 (1.6) 71/3,021 (2.4) 0.68 (0.47, 0.97)

>6.0 51/2,812 (1.8) 67/2,798 (2.4) 0.75 (0.52, 1.08)

CVD inclusion criterion

MI 91/5,962 (1.5) 107/5,944 (1.8) 0.84 (0.64, 1.12)

0.50
CVAc 26/1,578 (1.6) 44/1,556 (2.8) 0.58 (0.36, 0.94)

PAD 7/376 (1.9) 13/401 (3.2) 0.57 (0.23, 1.44)

Combinationd 26/718 (3.6) 30/719 (4.2) 0.86 (0.51, 1.46)

Fig. 3 | Effect of semaglutide 2.4 mg on the main 5-component kidney 
composite endpointa by subgroup. Data are the observed (that is, as measured) 
n (%) of patients experiencing their first occurrence of the main 5-component 
kidney composite endpoint from the in-trial observation period and the HR, 
and 95% CI was estimated using a Cox regression model, assessed according to 
patient baseline characteristics. The symbols are the HRs, and the error bars 
are the 95% CIs. a The main 5-component kidney composite endpoint included 
death from kidney causes, initiation of chronic kidney replacement therapy 

(dialysis or transplantation), onset of persistent eGFR <15 ml min−1 1.73 m−2, 
persistent ≥50% reduction in eGFR compared to baseline or onset of persistent 
macroalbuminuria. b P value for the treatment difference by subgroup. 
Interaction P values were calculated using the score test. P values are two-sided 
and were not adjusted for multiplicity. c Ischemic or hemorrhagic stroke. 
 d A combination of two or more events. CVA, cardiovascular accident; PAD, 
peripheral artery disease.
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dedicated kidney disease outcome trials, including the FLOW trial 
(NCT03819153) of semaglutide in individuals with type 2 diabetes and 
CKD. FLOW was stopped early as pre-specified efficacy criteria were 
met in an interim analysis and is due to report in 2024 (ref. 14).

Analysis of the continuous eGFR endpoint at 104 weeks showed a 
significantly lesser decrease in eGFR in patients receiving semaglutide 
versus placebo. Although the effect was modest in the total population, 
in patients with eGFR <60 ml min−1 1.73 m−2 at baseline, there was a rise 
in eGFR that was greater with semaglutide, giving a treatment benefit 
of 2.19 ml min−1 1.73 m−2 at 104 weeks. Because a rise was observed in 
both arms in patients with eGFR <60 ml min−1 1.73 m−2 at baseline, the 

rise may partly reflect regression to the mean. Such regression is to be 
expected when a threshold value of a highly variable measurement such 
as eGFR is used to define categories. Whether the treatment benefit 
reflects a net increase in eGFR in the semaglutide group or prevention 
of a fall is uncertain. Regardless of which of these is occurring, the 
treatment benefit is clear and substantial. This is a good example of 
why comparator groups are essential in trials.

The annualized treatment effect on eGFR across the total study 
period—that is, the slope—was a benefit of 0.39 ml min−1 1.73 m−2 per year.  
To put this into context, it was previously estimated from a meta- 
analysis of 47 trials in over 60,000 individuals (one-third without dia-
betes) that a benefit of 0.72 ml min−1 1.73 m−2 per year mean difference 
in total GFR slope over 2 years confers a 97.5% probability of clinical 
benefit (HR ~ 0.7) over the longer term in the endpoints of doubling of 
serum creatinine, incidence of eGFR <15 ml min−1 1.73 m−2 or end-stage 
kidney disease15,16.

There was also a significant benefit of semaglutide on UACR with a 
net benefit of 10.7%. In patients with UACR ≥ 30 mg g−1 and ≥300 mg g−1 
at randomization, the UACR fell substantially in both treatment arms 
after randomization, consistent with regression to the mean. However, 
this fall was greater for the semaglutide arm than the placebo arm, 
giving a net 27% and 31% treatment benefit in patients with randomi-
zation UACR ≥ 30 mg g−1 and ≥300 mg g−1, respectively. Whether this 
treatment benefit reflects an underlying reduction in UACR or the pre-
vention of a rise in the absence of treatment cannot be differentiated. 
To put these treatment benefits into context, a meta-analysis of trials 
showed that a 30% reduction in estimated UACR predicts a 27% lower 
hazard risk of the clinical endpoint of doubling of serum creatinine, 
incidence of eGFR <15 ml min−1 1.73 m−2 or end-stage kidney disease17.

These data from individuals with overweight or obesity and high 
cardiovascular risk are important as they constitute the first evidence 
to suggest that GLP-1RAs, and, specifically, semaglutide, could have 
beneficial effects on the kidney in the absence of diabetes. The finding 
of beneficial effects of semaglutide on kidney outcomes in this popula-
tion is consistent with previous secondary analyses from trials of sema-
glutide and other GLP-1RAs12,18–27. Large CVD outcome trials of GLP-1RAs 
in individuals with type 2 diabetes and high cardiovascular risk showed 
an improvement in composite kidney outcome measures12,18,19,21–27. 
A meta-analysis of the ELIXA (lixisenatide), LEADER (liraglutide), 
SUSTAIN-6 (semaglutide), EXSCEL (exenatide), REWIND (dulaglutide) 
and AMPLITUDE-O (efpeglenatide) trials reported a reduction in the 
composite kidney outcome of development of macroalbuminuria, 
substantially worsening kidney function, kidney replacement therapy 
or kidney death by 21% (P < 0.001)12. Trial-specific effect estimates 
ranged from a 12% reduction in EXSCEL to a 36% reduction in SUSTAIN-6 
(refs. 12,18,19,21–27). A secondary analysis of an open-label trial of the 
dual agonist tirzepatide in individuals with diabetes also suggested 
potential benefit on kidney outcomes28. Our findings are consistent 
with a previous exploratory analysis of the STEP 2 trial of semaglutide 
in individuals (n = 1,210) with overweight and obesity, which found 
significant reductions in UACR with semaglutide 1.0 mg and 2.4 mg 
weekly, with differences versus placebo of −28.0% and −32.9%, respec-
tively20, resulting from an increase in UACR in the placebo group and 
a decrease in the semaglutide group14. The mechanism underpinning 
the effect of semaglutide on kidney outcomes is unclear. Of note, 
there was little correlation between the within-individual change in 
eGFR and change in body weight, HbA1c or systolic blood pressure. 
However, a mediation analysis suggested that 81% of the change at 
week 104 could be mediated by body weight change. Such data could 
also arise if the mediation were through factors highly correlated 
with body weight change. Thus, weight loss likely contributes to some 
degree, and other interventions that result in large losses in weight, 
including bariatric surgery, have resulted in improvements in eGFR 
and albuminuria. For example, a meta-analysis of 19 studies (some 
with no comparator) reported an improvement of 12 ml min−1 1.73 m−2 

Table 1 | Effect of semaglutide 2.4 mg on continuous kidney 
endpoints

Outcome Semaglutide 
2.4 mg (N = 8,803)

Placebo 
(N = 8,801)

ETD (95% CI); 
P value

Change in eGFR at week 
104, mL min−1 1.73 m−2

−0.86 −1.61 0.75 (0.43, 
1.06); 
P < 0.001

By baseline eGFR

  <60 ml min−1 m−2 5.28 3.09 2.19 (1.00, 
3.38); 
P < 0.001

  ≥60 ml min−1 m−2 −1.62 −2.20 0.57 (0.26, 
0.89); 
P < 0.001

Total eGFR slope, 
ml min−1 m−2 per year

−0.78 −1.17 0.39 (0.30, 
0.48); 
P < 0.001

Chronic eGFR slope, 
ml min−1 m−2 per year

−0.98 −1.28 0.29 (0.18, 
0.40); 
P < 0.001

Acute eGFR slope, 
ml min−1 m−2 per year

−2.41 −1.08 −1.33 (−2.68, 
0.02); 
P = 0.05

Change in UACR at week 
104, log-transformed, %

0.3 12.3 −10.7  
(−13.2, −8.2); 
P < 0.001

By baseline UACR

  <30 mg g−1 14.2 24.3 −8.1  
(−10.6, −5.6); 
P < 0.001

  30 to <300 mg g−1 −53.4 −36.0 −27.2  
(−35.3, −18.1); 
P < 0.001

  ≥300 mg g−1 −75.0 −63.5 −31.4 (−54.9, 
4.3); P = 0.08

By baseline eGFR

  <60 ml min−1 m−2 4.0 19.7 −13.1  
(−22.1, −3.1); 
P = 0.01

  ≥60 ml min−1 m−2 −0.3 11.9 −10.9  
(−13.5, −8.4); 
P < 0.001

For changes in eGFR and UACR, data are the estimated mean changes from the estimated 
baseline value to week 104 and ETD, analyzed using MMRM. Changes in UACR were analyzed 
as estimated mean ratio to baseline at week 104 and estimated treatment ratio; for ease of 
interpretation, these ratios were converted to relative percentage changes from baseline and 
relative percentage treatment differences using the formula (estimated ratio − 1) × 100. The eGFR 
slope (that is, the annualized rate of change in eGFR) and ETD were analyzed using a linear 
random regression model. The chronic period included data from week 20 to end of trial (that 
is, any data before week 20 were excluded). Total refers to the eGFR change from baseline to 
end of trial. The acute period included data from baseline to week 16 and was evaluable only in 
European patients in whom there were additional early measures. P values (from top to bottom 
of the table) are 2.6895 × 10−6, 0.0003, 0.0004, 1.9939 × 10−16, 1.3273 × 10−7, 0.0535, 3.5231 × 10−15, 
1.2913 × 10−9, 1.4054 × 10−7, 0.0777, 0.0119 and 2.3245 × 10−15. P values are two-sided using a t-test in 
the models and were not adjusted for multiplicity. ETD, estimated treatment difference.
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in eGFR postoperatively29. A previous mediation analysis in the LEADER 
and SUSTAIN-6 trials in individuals with type 2 diabetes suggested 
that reductions in HbA1c and systolic blood pressure may moderately 
mediate kidney benefits of liraglutide and semaglutide30. Body weight 
was also a mediator in LEADER. A secondary mediation analysis of the 
STEP 2 trial of semaglutide in individuals with diabetes suggested that 
body weight change also contributed to change in UACR20. There is also 
some evidence of direct effects of GLP-1RAs on the kidney, including 
glomerular hemodynamic effects, reductions in inflammation and 
oxidative stress, increased natriuresis and diuresis and altered expres-
sion of the receptor for advanced glycation end products9,11,20,31,32. We 
do not have measurements of these mechanisms in SELECT.

An important question is whether apparent changes in Chronic 
Kidney Disease Epidemiology Collaboration (CKD-EPI) eGFR using 
serum creatinine with changing weight in a population with overweight 
and obesity reflects underlying changes in kidney function. This is a 
complex issue; there is the question of whether directly measured glo-
merular filtration rate (mGFR) is a better measure of underlying kidney 
function with or without the conventional indexing to body surface 
area (BSA) of 1.73 m2. The argument for indexing is that individuals 

with larger body size have higher GFR by virtue of body mass alone, 
but it has also been argued that such indexing may introduce error at 
extreme BMIs. Error at extreme BMIs may occur because both muscle 
and fat mass are increased in obesity, and serum creatinine increases 
with increased muscle mass. When weight loss occurs, both lean mus-
cle mass and fat mass are reduced, and this loss of muscle mass can 
cause an artifactual rise in the indexed eGFR33. A related issue is that 
the CKD-EPI equation we used was trained to predict mGFR indexed 
or standardized to BSA rather than unindexed mGFR. The distribution 
of BMI in the population in which it was trained was less extreme than 
that in SELECT. Thus, whether the CKD-EPI creatinine-based eGFR is 
as reasonable a proxy for indexed mGFR in the settings of obesity and 
large changes in body weight is unclear, and studies of this question are 
conflicting34–37. A recent editorial advocated for the use of deindexed 
eGFR in the setting of weight loss33,38, but this is not a recommendation 
in the recent guidelines from the Kidney Disease Improving Global 
Outcomes (KDIGO) organization39. That said, a caveat of any reduc-
tion in estimated GFR based on creatinine in a trial where treatment is 
associated with weight (and, thereby, muscle mass) loss must consider 
contributions from both creatinine production and improved kidney 
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Fig. 4 | Effect of semaglutide 2.4 mg on changes in eGFR and UACR over 
time in the overall population. Data are estimated mean (CI) changes from the 
estimated baseline value in eGFR (a) and UACR (b), analyzed using an MMRM. The 
change in UACR was analyzed as the estimated mean ratio to baseline; for ease of 
interpretation; these ratios were converted to relative percentage changes from 

baseline using the formula (estimated ratio − 1) × 100. Numbers below the graphs 
are the number of patients contributing to the analysis. a Given gradual entry to 
the trial across the enrolment period and variable follow-up duration, data at 
156 weeks and 208 weeks are sparser compared to previous timepoints.
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filtration. In SELECT, there is coexistent improvement in UACR and 
eGFR, a finding that supports a benefit on kidney function.

An alternative to creatinine-based eGFR is the use of cystatin C 
in combination with creatinine. Cystatin C is not affected by muscle 
mass, but the difficulty in the setting of obesity and weight loss is that 
it may be affected by fat mass40,41. However, its use is now advocated, 
as this has been shown to improve the predictive performance of eGFR 
for measured GFR42 in the general population and in the context of 
weight loss43. Use of the creatinine and cystatin C–based estimated 

glomerular filtration rate (eGFRcr-cys) was highlighted in the recent 
KDIGO guidelines39. We have not measured cystatin C as yet in SELECT, 
but this would provide further clarity on the eGFR effects43. In a recent 
post hoc analysis, the effect of tirzepatide on eGFR was similar regard-
less of whether creatinine or cystatin C was used44.

In the European patients, where additional supplementary meas-
ures were done up to week 16, we noted an early fall in eGFR that was 
greater with semaglutide versus placebo, but, as shown in Fig. 4a, by 
20 weeks there was no difference between treatment arms, and, by 
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subgroups. Numbers below the graphs are the number of patients contributing 
to the analysis. Changes in UACR by baseline UACR subgroup at 208 weeks are 
not presented because of small patient numbers. a Given gradual entry to the trial 
across the enrollment period and variable follow-up duration, data at 156 weeks 
and 208 weeks are sparser compared to previous timepoints.
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52 weeks, eGFR was higher in the semaglutide versus placebo group. 
Reassuringly, this acute drop in eGFR associated with treatments that 
have longer-term benefit on eGFR was noted for sodium–glucose 
co-transporter-2 inhibitors, for renin–angiotensin–system inhibitors 
and for tirzepatide28,45–47. The cause for this transient worsening in 
eGFR is unclear, but alterations in glomerular pressure or natriuresis 
associated with GLP-1RA may contribute. Part of the initial drop in 
eGFR may be a regression to the mean effect given the recognized 
day-to-day variability in eGFR measures and given that it was observed 
in both arms. Reassuringly, there was a fall in UACR that was greater in 
the semaglutide versus placebo arm during these weeks. Two ongoing 
mechanistic studies, REMODEL (NCT04865770) in type 2 diabetes and 
SMART (NCT04889183) in individuals with overweight or obesity, will 
allow greater insight into local effects on the kidney that might under-
pin the overall treatment benefit and, in the acute phase, a greater fall 
in eGFR with semaglutide48.

Strengths of the present study are the large sample size, the ran-
domized design and the duration of follow-up, allowing a demonstra-
tion that the beneficial effect on eGFR and UACR is maintained. This 
work is novel in demonstrating a potential beneficial kidney effect of 
semaglutide in the absence of diabetes and is the first demonstration, 
to our knowledge, of potential benefit in individuals with overweight 
or obesity. Although the effect of semaglutide on kidney outcomes 
was a secondary analysis of SELECT, with the primary endpoint being 
MACE, the analysis presented here was pre-specified.

This study also has a few limitations. Unlike most kidney endpoint 
trials, we did not selectively include patients at most risk of kidney 
disease progression. As a consequence, the number of kidney event 
endpoints and the power to examine effects on endpoints and detect 
subgroup interactions are limited. The allocated study drug was in addi-
tion to usual care, and not all participants were using guideline-directed 
treatments, namely ACE inhibitors or ARBs, for CKD progression. 
Another limitation is that we did not measure cystatin C–based eGFR 
to separate eGFR changes due to muscle mass or filtration. Further-
more, the number of events of the main composite endpoint was too 
low to support a formal mediation analysis of this endpoint. Although 
we include an estimate of the possible mediation in eGFR treatment 
effect by weight change, such estimates should be treated as sugges-
tive, not definitive.

In conclusion, individuals with overweight and obesity constitute 
a high-risk population for incidence and progression of diabetes and 
its complications. Prevention of CKD is an important cornerstone of 
their clinical management. The 22% reduction in our pre-specified 
main kidney endpoint; the treatment benefit on eGFR, especially in 
patients with eGFR <60 ml min−1 1.73 m−2; and the clinically relevant 
reductions in UACR in patients with albuminuria at baseline suggest 
a beneficial kidney effect of once-weekly subcutaneous semaglutide 
2.4 mg in this at-risk population.
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Methods
Trial design and patients
The design, baseline characteristics and primary results of SELECT 
were reported previously13,49,50. In brief, SELECT was a randomized, 
double-blind, placebo-controlled, event-driven trial, comparing sema-
glutide 2.4 mg with placebo added to standard of care for prevention 
of MACE in 17,604 individuals with established CVD and overweight/
obesity, without type 2 diabetes.

Eligible patients were aged ≥45 years with a BMI of ≥27 kg m−2 
and established CVD, defined as one or more of the following: prior 
myocardial infarction (MI), prior ischemic or hemorrhagic stroke or 
symptomatic peripheral artery disease. Exclusion criteria included 
a history of type 1 or type 2 diabetes; HbA1c ≥ 6.5% (48 mmol mol−1); 
presence of end-stage kidney disease or need for dialysis; MI, stroke, 
hospitalization for unstable angina pectoris or a transient ischemic 
attack within 60 d before screening; or New York Heart Association 
Class IV heart failure. Patients were randomized 1:1 to receive escalat-
ing doses of once-weekly subcutaneous semaglutide over 16 weeks, to 
a target dose of 2.4 mg, or placebo.

Ethics
The SELECT trial was conducted at 804 sites in 41 countries and was 
approved by the relevant institutional review board and/or ethics com-
mittee for each center. All patients provided written informed consent.

Outcomes
The 5-component main kidney endpoint pre-specified in the protocol 
was the first of death from kidney disease, initiation of chronic kidney 
replacement therapy (dialysis or transplantation), onset of persistent 
eGFR <15 ml min−1 1.73 m−2, persistent ≥50% reduction in eGFR com-
pared to baseline or onset of persistent macroalbuminuria. Persis-
tent was defined as two or more new measures at least 4 weeks apart. 
Patients with a UACR ≥ 300 mg g−1 at randomization were considered 
at risk of incident macroalbuminuria during follow-up. A complete 
list of CKD outcomes assessed is presented in Supplementary Table 5. 
These outcomes included other composite kidney endpoints, time to 
reaching various thresholds of percentage eGFR decline (30%, 40%, 50% 
and 57%), the annualized rate of change in eGFR (eGFR slope), change 
in eGFR from baseline to week 104 and change in UACR from baseline 
to week 104. Treatment effects on outcomes were further assessed by 
baseline eGFR and UACR status. Safety was assessed as the number of 
treatment-emergent adverse events.

Laboratory tests were performed by a central laboratory. Blood 
samples were collected at screening, at weeks 20, 52, 104, 156 and 208, 
and at the end of treatment. eGFR values were calculated centrally 
based on serum creatinine using the Chronic Kidney Disease Epide-
miology Collaboration (CKD-EPI) 2009 creatinine equation51, with 
sensitivity analyses using the CKD-EPI 2021 equation without race 
conducted for confirmation of findings (data not shown)52. A confirma-
tory test was required at the onset of either a ≥50% reduction in eGFR 
or eGFR <15 ml min−1 1.73 m−2. UACR was calculated based on single 
urine samples (preferably morning) that were collected at randomiza-
tion, at weeks 20, 52, 104, 156 and 208 and at the end of treatment. A 
confirmatory test was performed at the onset of macroalbuminuria 
(>300 mg g−1). As an additional safety measure, all patients in Europe 
had additional laboratory data collection at weeks 4, 8, 12 and 16, with 
creatinine and UACR tests performed at the central laboratory, and the 
CKD-EPI 2021 equation used for eGFR.

All components of the main kidney 5-composite endpoint were 
adjudicated by an independent expert committee blinded to treatment 
status. Acute kidney failure events (also adjudicated) were those that 
involved an abrupt decrease in kidney function (for example, one of 
≥0.3 mg dl−1 (≥26.5 μmol l−1) increase in serum creatinine within 48 h, 
≥1.5 times increase in serum creatinine within 7 d or urine volume 
<0.5 ml kg−1 h−1 for 6 h).

Although the original study protocol used the terms ‘5-component 
nephropathy composite’ and ‘acute renal failure’, here, we rephrased 
these as ‘5-component kidney composite’ and ‘acute kidney failure’, in 
line with recent nomenclature guidance introduced since the writing 
of the protocol53.

Statistical analysis
Baseline characteristics were summarized with means and standard 
deviations, medians and interquartile ranges, geometric means and 
coefficients of variation or counts and percentages, as appropriate. Effi-
cacy analyses were performed on two sets: the full analysis set, defined 
as all unique randomized patients grouped according to the treatment 
assigned at randomization, thereby following the intent-to-treat prin-
ciple, and an on-treatment analysis, defined as all exposed patients 
while they were receiving treatment (that is, had received at least one 
dose in the previous 35 d), grouped according to the treatment that 
they received. Analyses were based on the in-trial period, which was 
the time from randomization to the end-of-trial visit, death, with-
drawal of consent or last contact with a trial site, whichever occurred 
first. Where applicable, analyses were conducted according to sub-
groups at baseline, based on pre-defined demographic, kidney, body 
weight, glycemic and CVD comorbidity characteristics. Significance 
levels were set at 5% (two-sided) with no adjustment for multiplicity. 
A sensitivity analysis using only data from the on-treatment period, 
which was the time from the first dose of trial product to 35 d after 
the last dose, excluding any temporary interruptions in taking trial 
product, was conducted. SAS analysis software (version 9) was used  
throughout.

Adverse events were summarized with counts and percentages. 
Safety analyses were performed on the safety analysis set, which 
included all randomized patients exposed to at least one dose of trial 
product, stratified by baseline eGFR.

Time-to-event analyses. HRs for event-based outcomes comparing 
semaglutide 2.4 mg versus placebo were estimated from a pre-specified 
Cox proportional hazards model with treatment group (semaglutide 
and placebo) as a binary variable, presented with two-sided 95% CIs 
and two-sided P values. Tied events were handled using the Exact 
method54,55, if possible, or Efron’s method56, if not.

For the subgroup analysis of the time to the first occurrence of the 
main 5-component composite endpoint, the pre-specified Cox regres-
sion model also included an interaction between treatment group and 
the subgroup of interest, with the interaction P values evaluated using 
a score test.

Repeated measures analysis. An MMRM, which acknowledges the 
dependence/correlation among measures within a patient over time57, 
was used to analyze changes from baseline in eGFR and UACR. In this 
model, scheduled visits from weeks 4–208 (that is, including the addi-
tional laboratory data collection visits for European patients) for the 
full analysis set were included as fixed effects, and interactions with 
treatment and baseline allowed the treatment effect and the impor-
tance of the baseline to vary over visits. No structure was imposed on 
the dependence (covariance). Residual maximum likelihood (REML) 
was used for estimation, and, if convergence failed, then estimates of 
the covariance parameters were obtained from maximum likelihood 
estimation and used as starting values in REML. If the randomization 
value was missing, the screening value (if available) was used.

As was pre-specified, the estimated differences between treatment 
arms in the change from baseline at week 104 using the MMRM are 
presented. This timepoint was pre-specified to maximize the number 
observable while allowing sufficient duration of follow-up to evaluate 
the treatment effect reliably. Changes in UACR were analyzed as the 
average difference between the log-transformed baseline value and 
the log-transformed week 104 value, with the exponentiated difference 
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between the differences in log-transformed values (baseline and week 
104) for each treatment group. For ease of interpretation, these are 
expressed as relative percentage changes and relative percentage 
differences.

Annualized rate of change in eGFR. For the random effects eGFR 
slope analysis, a linear random regression model (linear random effects 
model) was used. Time was annualized and included as continuous 
along with the treatment effect (intercept) and an interaction between 
time and treatment (slope). To account for patient variation, patient 
effects and patient-by-time interaction were included as random (from 
a bivariate normal distributed with mean zero and an unstructured 
covariance matrix). The annual rate of change or slope was then com-
pared between treatments, with the statistical significance given by 
that for the treatment-by-time interaction term57. As was pre-specified, 
eGFR slope was assessed during the acute (baseline to week 16), chronic 
(week 20 to end of trial) and total (baseline to end of trial) periods. 
Therefore, the acute slope included data only for the European patients 
for whom these timepoints were evaluated.

Correlation and mediation analysis
We reported the correlation between the change in eGFR and change 
in body weight, systolic blood pressure and HbA1c. The correlations 
between the change in these factors and eGFR at week 104 were derived 
from an MMRM using the bivariate model as specified by Thiebaut 
et al.58. We estimated the percent mediation of the change in eGFR at 
week 104, potentially attributable to change in weight, by assessing 
how much the treatment effect on eGFR was altered by including the 
weight change in the regression model adjusted for baseline eGFR 
and baseline weight. From this model, the direct effect of semaglutide 
versus placebo on eGFR (hence, independent of change in body weight) 
was estimated. The total effect of semaglutide versus placebo was 
estimated using the same model but without change in body weight 
(the mediator) included. The percent mediated was calculated as the 
(total effect − direct effect) / total effect × 100%, and the standard error 
(and, hence, the 95% CI) of the percent mediated was estimated using 
the delta method. No intermediate observations between baseline and 
week 104 were used in the analysis59.

Reporting summary
Further information on research design is available in the Nature 
Portfolio Reporting Summary linked to this article.

Data availability
Data will be shared with bona fide researchers who submit a research 
proposal approved by the independent review board. Individual patient 
data will be shared in datasets in a de-identified and anonymized 
format. Data will be made available after research completion and 
approval of the product and product use in the European Union and 
the United States. Information about data access request proposals 
can be found at https://www.novonordisk-trials.com/.
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Extended Data Fig. 1 | Effect of semaglutide 2.4 mg on changes in eGFR 
over time by baseline UACR. Data are estimated mean (CI) changes from the 
estimated baseline value in eGFR, analysed using a mixed model for repeated 

measurements. Darker lines are used for the larger subgroups. CI, confidence 
interval; eGFR, estimated glomerular filtration rate; UACR, urinary albumin-to-
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- A description of any restrictions on data availability
- For clinical datasets or third party data, please ensure that the statement adheres to our policy 

Professor Helen M Colhoun
18 April 2024
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Research involving human participants, their data, or biological material
Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation), 
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender

Reporting on race, ethnicity, or 
other socially relevant 
groupings

Population characteristics

Recruitment

Ethics oversight

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting
Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences Behavioural & social sciences  Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design
All studies must disclose on these points even when the disclosure is negative.

Sample size

Data exclusions

Replication

Randomization

Blinding

Behavioural & social sciences study design
All studies must disclose on these points even when the disclosure is negative.

Study description

Research sample

Sampling strategy

Data collection

Timing

Data exclusions

Non-participation

Randomization
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Ecological, evolutionary & environmental sciences study design
All studies must disclose on these points even when the disclosure is negative.

Study description

Research sample

Sampling strategy

Data collection

Timing and spatial scale

Data exclusions

Reproducibility

Randomization

Blinding

Did the study involve field work? Yes No

Field work, collection and transport

Field conditions

Location

Access & import/export

Disturbance

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response. 

Materials & experimental systems
n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology and archaeology

Animals and other organisms

Clinical data

Dual use research of concern

Plants

Methods
n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Antibodies
Antibodies used

Validation
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Eukaryotic cell lines
Policy information about cell lines and Sex and Gender in Research

Cell line source(s)

Authentication

Mycoplasma contamination

Commonly misidentified lines
(See ICLAC register)

Palaeontology and Archaeology

Specimen provenance

Specimen deposition

Dating methods

Tick this box to confirm that the raw and calibrated dates are available in the paper or in Supplementary Information.

Ethics oversight

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Animals and other research organisms
Policy information about studies involving animals; ARRIVE guidelines recommended for reporting animal research, and Sex and Gender in 
Research

Laboratory animals

Wild animals

Reporting on sex

Field-collected samples

Ethics oversight

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Clinical data
Policy information about clinical studies
All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration

Study protocol

Data collection

Outcomes

Dual use research of concern
Policy information about dual use research of concern

Hazards
Could the accidental, deliberate or reckless misuse of agents or technologies generated in the work, or the application of information presented 
in the manuscript, pose a threat to:
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No Yes

Public health

National security

Crops and/or livestock

Ecosystems

Any other significant area

Experiments of concern

Does the work involve any of these experiments of concern:

No Yes
Demonstrate how to render a vaccine ineffective

Confer resistance to therapeutically useful antibiotics or antiviral agents

Enhance the virulence of a pathogen or render a nonpathogen virulent

Increase transmissibility of a pathogen

Alter the host range of a pathogen

Enable evasion of diagnostic/detection modalities

Enable the weaponization of a biological agent or toxin

Any other potentially harmful combination of experiments and agents

Novel plant genotypes

Seed stocks

Authentication

Plants

ChIP-seq

Data deposition
Confirm that both raw and final processed data have been deposited in a public database such as GEO.

Confirm that you have deposited or provided access to graph files (e.g. BED files) for the called peaks.

Data access links 
May remain private before publication.

Files in database submission

Genome browser session 
(e.g. UCSC)

Methodology

Replicates

Sequencing depth

Antibodies

Peak calling parameters

Data quality
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Software

Flow Cytometry

Plots
Confirm that:

The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).

All plots are contour plots with outliers or pseudocolor plots.

A numerical value for number of cells or percentage (with statistics) is provided.

Methodology

Sample preparation

Instrument

Software

Cell population abundance

Gating strategy

Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.

Magnetic resonance imaging

Experimental design

Design type

Design specifications

Behavioral performance measures

Imaging type(s)

Field strength

Sequence & imaging parameters

Area of acquisition

Diffusion MRI Used Not used

Preprocessing

Preprocessing software

Normalization

Normalization template

Noise and artifact removal

Volume censoring

Statistical modeling & inference

Model type and settings

Effect(s) tested



Specify type of analysis: Whole brain ROI-based Both

Statistic type for inference

(See Eklund et al. 2016)

Correction

Models & analysis

n/a Involved in the study
Functional and/or effective connectivity

Graph analysis

Multivariate modeling or predictive analysis

Functional and/or effective connectivity

Graph analysis

Multivariate modeling and predictive analysis

This checklist template is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, 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 license, and indicate if changes were made. The images or other third party material in this article are included in 
the article's Creative Commons license, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons license 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 license, visit http://creativecommons.org/licenses/by/4.0/
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