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Abstract

Aim: To assess the relationship between HbA1c and body weight reductions with tir-

zepatide treatment (5, 10 or 15 mg).

Materials and Methods: HbA1c and body weight data at 40 weeks (SURPASS-1, -2

and -5) and 52 weeks (SURPASS-3 and -4) were analysed by trial.

Results: Across the SURPASS clinical trials, HbA1c reductions from baseline were

observed in 96%-99%, 98%-99% and 94%-99% of participants treated with tirzepatide

5, 10 and 15 mg, respectively. Moreover, 87%-94%, 88%-95% and 88%-97% of partici-

pants, respectively, experienced weight loss associated with HbA1c reductions. Statisti-

cally significant associations (correlation coefficients ranging from 0.1438 to 0.3130

across studies; P ≤ .038) between HbA1c and body weight changes were observed

with tirzepatide in SURPASS-2, -3, -4 (all doses) and -5 (tirzepatide 5 mg only).

Conclusions: In this post hoc analysis, consistent reductions in both HbA1c and body

weight were observed in most participants treated with tirzepatide at doses of

5, 10 or 15 mg. A statistically significant but modest association between HbA1c and

body weight change was observed in SURPASS-2, SURPASS-3 and SURPASS-4, sug-

gesting that both weight-independent and weight-dependent mechanisms are

responsible for the tirzepatide-induced improvement in glycaemic control.

K E YWORD S
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1 | INTRODUCTION

Tirzepatide, a novel glucose-dependent insulinotropic polypep-

tide (GIP) and glucagon-like peptide-1 (GLP-1) receptor agonist,

was recently approved for the treatment of type 2 diabetes

(T2D) in the United States, Europe and several other jurisdic-

tions.1,2 Tirzepatide is also currently under investigation for

chronic weight management, heart failure with preserved
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ejection fraction, non-alcoholic steatohepatitis and obstructive

sleep apnoea.

In the phase 3 SURPASS clinical trial programme, treatment

with once-weekly tirzepatide at all doses tested (5, 10 and

15 mg) resulted in robust improvements in glycaemic control

across the continuum of T2D, including tirzepatide as monother-

apy, in combination with 1-3 oral glucose-lowering medications,

or as add-on to basal insulin. In participants who were on treat-

ment without the use of rescue therapy, tirzepatide treatment

significantly reduced HbA1c �1.87% to �2.59%) compared with

placebo or active comparators (i.e. semaglutide 1 mg, insulin

degludec, insulin glargine).3–7 Furthermore, 81%-97% of partici-

pants achieved an HbA1c of less than 7.0% and 23%-62%

achieved an HbA1c of less than 5.7%.3–7 In a mechanism-

of-action study in people with T2D, tirzepatide was shown to

improve glycaemic control by enhancing pancreatic beta-cell

function, improving insulin sensitivity and suppressing glucagon

secretion,8 as well as reducing food intake.9

The robust glycaemic control observed with tirzepatide treatment

in the phase 3 global registration trials (SURPASS-1 through

SURPASS-5) was associated with clinically meaningful body weight

reductions.3–7 Study participants treated with tirzepatide lost on aver-

age 6-13 kg (7%-14%) of body weight. Furthermore, among various

clinical trials with different study populations, background therapies

and study designs, tirzepatide treatment showed greater reductions in

HbA1c and body weight compared with selective GLP-1 receptor ago-

nists dulaglutide 0.75 and 1.5 mg10,11 and semaglutide 1 mg,7,8 with

similar safety and tolerability profiles. A recently published indirect

treatment comparison reported significantly greater HbA1c and

weight reductions with tirzepatide at the 10 and 15 mg doses and

similar reductions with the 5 mg dose compared with semaglutide

2 mg.12 However, head-to-head trials designed to compare the effi-

cacy and safety of tirzepatide with higher dose GLP-1 receptor ago-

nists are still needed.

Numerous studies have shown that, irrespective of treatment

modality, weight loss is associated with improvement in glycaemic

control in people with T2D.13–15 Given that improvements in glycae-

mic control may be linked to both weight-independent and weight-

dependent mechanisms, it is of interest to understand how changes in

glycaemia and weight seen with tirzepatide are related.

This post hoc analysis assessed the relationship between

HbA1c and body weight reductions with tirzepatide treatment

(5, 10 or 15 mg) across the SURPASS-1 through SURPASS-5 clin-

ical trials. The proportions of participants with different treat-

ment responses (HbA1c decrease or increase with weight loss or

weight gain) were assessed, and the association between weight

loss and HbA1c changes in each trial was evaluated. We aimed

to evaluate the relationship between weight loss and glucose

lowering observed with tirzepatide, and contrast results with

those seen with GLP-1 receptor agonists. We deemed this analy-

sis of interest because tirzepatide treatment impacted body

weight and HbA1c to a greater extent compared with GLP-1

receptor agonists.

2 | METHODS

2.1 | Design of the SURPASS clinical trial
programme

The study designs, background medications, full inclusion and exclu-

sion criteria and primary results of the SURPASS-1 through

SURPASS-5 clinical trials have been previously reported.3–7 Briefly,

the phase 3 SURPASS clinical trials were randomized controlled clini-

cal studies, ranging from 40 to 104 weeks in duration, with a total of

6263 participants. The SURPASS clinical trials were designed to evalu-

ate the safety and efficacy of tirzepatide (5, 10 or 15 mg) in adults

with T2D. The primary efficacy measure of HbA1c reduction from

baseline at the primary endpoints of 40 or 52 weeks, depending on

the individual trial, was superiority of tirzepatide compared with

placebo or non-inferiority of tirzepatide compared with active com-

parators (semaglutide 1 mg, insulin degludec or insulin glargine). If

non-inferiority of tirzepatide compared with active comparator was

met, then subsequent testing for superiority was undertaken. The

SURPASS clinical trials did not include any specific recommendation

regarding diet and exercise beyond the usual practice at each study

centre. Concomitant pharmacotherapy that promoted weight loss was

not allowed.

The SURPASS clinical trials assessed in this analysis were con-

ducted in accordance with the International Conference on Harmoni-

zation Guidelines for Good Clinical Practice and the Declaration of

Helsinki. All participants provided signed informed consent and proto-

cols were approved by local ethical review boards.

2.2 | Statistical analyses

The SURPASS-1 to SURPASS-5 trials were analysed separately using

data at the primary endpoints of 40 or 52 weeks, because of differences

in design and background therapy. This post hoc analysis included ran-

domized and treated study participants with available body weight and

HbA1c data at the primary endpoints of 40 or 52 weeks, excluding data

after rescue or discontinuation of study drug. For each study and treat-

ment arm, scatterplots of changes from baseline in HbA1c versus

changes from baseline in body weight at the primary endpoints were

developed. Pearson correlation coefficients were determined for HbA1c

change versus body weight change and percentage body weight

change, respectively. Data were also explored by categorical response:

lower left (LL) quadrant, both decrease in HbA1c and body weight

(change from baseline < 0 for both); upper left (UL) quadrant, decrease

in HbA1c, no change/increase in body weight (change from baseline

≥ 0); upper right (UR) quadrant, both no change/increase in HbA1c and

body weight; and lower right (LR) quadrant, no change/increase in

HbA1c and decrease in body weight. The relationship between body

weight and HbA1c changes at primary endpoints were further investi-

gated through analysing HbA1c changes according to the following cat-

egories of percentage body weight changes: no change or weight gain;

weight loss of more than 0% to less than 5%; weight loss of 5% or
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higher to less than 10%; weight loss of 10% or higher to less than 15%;

and weight loss of 15% or higher.

Continuous variables were summarized as means and standard

deviations, and categorical variables as counts and proportions. Miss-

ing values were not imputed.

All analyses presented are exploratory in nature, and P less than

.05 was considered statistically significant. Analyses were performed

using SAS version 9.4 (SAS Institute Inc., Cary, NC).

3 | RESULTS

A total of 6263 participants with T2D were enrolled in the SURPASS-1

through SURPASS-5 clinical trials (tirzepatide 5 mg, N = 1394; tirzepatide

10 mg, N = 1397; tirzepatide 15 mg, N = 1408; semaglutide 1 mg,

N = 469; insulin degludec, N = 360; insulin glargine, N = 1000; placebo,

N = 235). This post hoc analysis included 5378 participants (85.9%)

across all studies. The baseline demographics and clinical characteristics

within each trial were similar across treatment arms (Table S1).

3.1 | HbA1c and body weight at the primary
endpoint

Tirzepatide at all doses reduced HbA1c across the diabetes treatment

continuum, with observed mean reductions ranging from 1.90% to

2.65% (Table S2).3–7 Furthermore, dose-dependent weight changes

varied based on the background therapy, with mean reductions rang-

ing from 6.11 kg (6.6%) with tirzepatide 5 mg from SURPASS-5 to

13.10 kg (13.8%) with tirzepatide 15 mg from SURPASS-3 (Table S2).

Across the SURPASS clinical trials, HbA1c reductions from base-

line were observed in 96%-99%, 98%-99% and 94%-99% of partici-

pants treated with tirzepatide 5, 10 and 15 mg, respectively

(Figure 1). Body weight reductions from baseline were observed in
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F IGURE 1 The proportion of participants with HbA1c reduction and either weight reduction or no weight change/weight gain at the primary
endpoint. Data are presented as the proportion of participants with HbA1c reduction + weight loss (solid bars) and HbA1c reduction or no
weight change or weight gain (open bars). Analysed populations include randomized and treated study participants with available body weight
and HbA1c data at the primary endpoint of week 40 (SURPASS-1, SURPASS-2 and SURPASS-5) or week 52 (SURPASS-3 and SURPASS-4),
excluding data after rescue or discontinuation of study drug. Change from baseline in HbA1c reductions and weight loss or gain was defined as
any change at the primary endpoint. The sum of percentages in each bar do not necessarily equal 100 as they only represent two out of four
quadrants. iDeg, insulin degludec; iGlar, insulin glargine; MET, metformin; PBO, placebo; SEMA, semaglutide; SGLT2i, sodium-glucose co-
transporter-2 inhibitor; SU, sulphonylurea
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F IGURE 2 Correlation coefficients between changes from baseline in HbA1c and body weight. Data are observed values for change from
baseline in HbA1c (%) and change from baseline in weight (%) to the primary endpoint of week 40 (A: SURPASS-1, B: SURPASS-2 and E:
SURPASS-5) or week 52 (C: SURPASS-3 and D: SURPASS-4). Analysed populations include randomized and treated study participants with

available body weight and HbA1c data at the primary endpoint of week 40 or week 52, excluding data after rescue or discontinuation of study
drug. Where percentages across quadrants did not sum up to 100% initially because of rounding, the percentage given for the lower left
(LL) quadrant was adapted accordingly
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87%-94%, 88%-95% and 88%-97% of participants treated with tirze-

patide 5, 10 and 15 mg, respectively. Furthermore, the vast majority

of participants (87%-97%) receiving any dose of tirzepatide

experienced both weight loss and HbA1c reduction (Figure 1). Associ-

ations between HbA1c and body weight changes were observed with

tirzepatide in SURPASS-2, SURPASS-3, SURPASS-4 (all doses) and
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populations include randomized and treated study participants with available body weight and HbA1c data at the primary endpoint of week 40 or
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SURPASS-5 (tirzepatide 5 mg only) with statistically significant corre-

lation coefficients ranging from 0.1438 to 0.3130 across studies

(P ≤ .038 for all tirzepatide doses; Figure 2 and Table S3). Correlation

coefficient results were consistent between HbA1c and both percent-

age and absolute weight changes, and across these SURPASS trials.

Mean changes in HbA1c and body weight for participants who

displayed HbA1c reductions and body weight loss and for participants

who displayed HbA1c reduction and body weight gain are presented

in Table S4.

At the primary endpoint of 40 or 52 weeks, categorical analyses

generally showed greater HbA1c reduction with more weight loss for

each tirzepatide dose (Figure 3). These observations were not seen in

the SURPASS-1 monotherapy study or in SURPASS-5.

4 | DISCUSSION

There is an increasing recognition that excess body weight, denot-

ing excessive and dysfunctional adipose tissue,16 is an important

contributor in the development of T2D. Weight management has

been recognized as a critical element of treatment of people with

T2D, and it is considered to be as important as the management of

elevated blood glucose levels.17 Even a modest amount of weight

loss can improve glycaemia and improve other metabolic abnor-

malities.13,14 Moreover, weight loss of a higher magnitude can

lower the risk of complications and have further disease-modifying

effects.13,17 Lifestyle modification is recommended as the first-line

approach to weight loss; however, lifestyle modification alone is

insufficient for achieving and maintaining long-term weight loss in

many patients,13 and several conventional glucose-lowering medi-

cations, while effective in improving glycaemic control, are weight-

neutral or even promote weight gain.13,18

Tirzepatide, a once-weekly GIP and GLP-1 receptor agonist,

showed robust glycaemic and weight efficacy in the SURPASS clinical

trial programme, with a similar safety profile to that of the GLP-1

receptor agonist class. The most frequent adverse events were gastro-

intestinal in nature (i.e. nausea, vomiting, diarrhoea), mild to moderate

in intensity, and mostly reported during dose escalation.3–7 Weight

loss occurred irrespective of the presence or absence of gastrointesti-

nal adverse events, and weight loss did not reach a plateau at

1 year.19 Although treatment with tirzepatide improves multiple sur-

rogate markers of cardiovascular risk to a greater extent than GLP-1

receptor agonists, including blood glucose, blood pressure and serum

lipids, it remains to be established what impact tirzepatide treatment

might have on cardiovascular disease. This is currently being studied

in the ongoing head-to-head cardiovascular outcome trial SURPASS-

CVOT with the selective GLP-1 receptor agonist, dulaglutide.

This post hoc analysis elucidated the relationship between body

weight changes and improvements in glycaemic control in patients

treated with tirzepatide. Across the five SURPASS trials, significant

HbA1c and body weight reductions were observed in the vast major-

ity of patients treated with all doses of tirzepatide (5, 10 and 15 mg).

Furthermore, treatment with tirzepatide showed a statistically

significant, albeit modest (correlation coefficients 0.1438-0.3130),

association between HbA1c reduction and the effect on body weight.

Similar analyses performed with data from GLP-1 receptor ago-

nists dulaglutide, liraglutide, exenatide twice daily and semaglutide

have shown that there tended to be greater HbA1c reduction with

greater weight loss. Modest correlation coefficients for HbA1c and

weight loss were observed for liraglutide (0.248) and for exenatide

twice daily (0.202), while results for dulaglutide and semaglutide were

not consistent (�0.223 to 0.267 for dulaglutide and �0.04 to 0.32 for

semaglutide).20–23 The association between HbA1c reduction and the

effect on body weight was of comparably modest magnitude for tirze-

patide, despite the greater glycaemic efficacy and weight-lowering

effect of this dual incretin receptor agonist than with semaglutide

1 mg and dulaglutide 1.5 mg.7,8,10 The results suggest an association

between weight loss and glycaemic improvement. If true, several

mechanisms may be involved in the weight loss-mediated lowering of

glycaemia. The impact of weight loss on insulin sensitivity has been

well established, even although results of preclinical and clinical stud-

ies indicate that improvement of insulin sensitivity with tirzepatide is

not entirely weight dependent.11,24,25 Other putative mechanisms

include improvements in pro-inflammatory signalling by dysfunctional

adipose tissue and lowering of the lipotoxicity effect on beta cells to

improve secretory function.16,26 Of note, improvement in insulin sen-

sitivity with tirzepatide has been shown to be greater per unit of

weight lost than with the GLP-1 receptor agonist semaglutide.8

Associations between HbA1c and body weight were not

observed in SURPASS-1 at all tirzepatide doses or in SURPASS-5 at

the 10 and 15 mg doses. Notably, these studies enrolled a smaller

population than the others did, which might have increased variability.

The two studies also had some distinct population features.

SURPASS-1 was unique because it involved people with compara-

tively short-lasting T2D who were not on other glucose-lowering

medications at the time, and approximately 50% were diabetes phar-

macological treatment-naïve. Furthermore, strong HbA1c reduction

was observed with the 5 mg dose in SURPASS-1, resulting in a mean

HbA1c of 5.88% at the endpoint.6 This less pronounced, dose-

dependent HbA1c response in SURPASS-1 may be attributable to trial

participants already achieving excellent glycaemic control with the

5 mg dose, thus limiting the possibility for glycaemia to improve fur-

ther with the higher tirzepatide doses and potentially obscuring the

relationship between HbA1c change and weight loss. By contrast, par-

ticipants in SURPASS-5 received concomitant titrated basal insulin

therapy, which may have blunted the relationship because of the

known weight-gain promoting action of insulin.18

Across the SURPASS trials, 6%-9% of participants treated with

tirzepatide 5 mg, 4%-11% of participants treated with tirzepatide

10 mg and 2%-9% of participants treated with tirzepatide 15 mg

showed an improvement in HbA1c but not in body weight. While

these numbers are small, this clearly shows a high degree of interindi-

vidual heterogeneity regarding body weight response, as seen previ-

ously with GLP-1 receptor agonists. This also shows that the

improvements in glucose control with tirzepatide may occur indepen-

dently of weight loss, which is consistent with reports that tirzepatide
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improved insulin sensitivity, also independent of weight reduction.25

Robust improvement in glycaemic control occurring faster than

weight loss and as early as 2-4 weeks of treatment in the SURPASS

studies supports the notion that improvements in glycaemia involve

mechanisms that are independent of weight loss.3–7 However, addi-

tional studies are needed to further elucidate the mechanisms that

may contribute to reductions in HbA1c and body weight with tirzepa-

tide treatment.

This study has limitations. It is a post hoc analysis that is explor-

atory in nature. The use of different background medications across

the SURPASS trials may have influenced our observations and there-

fore caution must be exercised during interpretation.

In conclusion, the vast majority of participants treated with tirze-

patide (5, 10 and 15 mg) experienced HbA1c reduction with weight

loss, across the SURPASS clinical trials, with modest, yet significant,

associations between HbA1c and body weight changes in this post

hoc assessment. Improvements in glycaemic control were also

observed in participants who did not lose weight.
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