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Abstract
Type 2 diabetes mellitus (T2DM) is a metabolic disease that can be a significant cause 

of cardiovascular disease (CVD), leading to macrovascular and microvascular diseases. Many 
researchers around the world have investigated the effects of weight change on micro and macro 
CVD in patients with T2DM. This study aimed to investigate the effect of weight change (weight 
gain and loss) on microvascular and macrovascular complications in patients with T2DM. We 
searched PubMed, Scopus and Google Scholar from the database until January 2023. We screened 
the title, abstract, and full text of articles, and after quality assessment, we extracted data from 
interrelated ones into this systematic review. Reviewing the results of 11 cohort studies with 
219,839 individuals (T2DM patients) showed that weight loss caused an increase in the mortality 
rate in diabetic patients, while weight gain after diabetes diagnosis increased the risk of CVD, 
chronic kidney disease (CKD), microvascular disease, stroke and mortality. It should be noted that 
severe body weight variability increases the mortality rate and the risk of microvascular disease. 
Unlike other studies, one study showed that more than 5% weight gain positively affected CVD and 
coronary heart disease in T2DM patients. Generally, weight change in patients with T2DM is an 
essential sign of cardiovascular complications. According to our findings, the risk of cardiovascular 
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complications in patients with weight loss is seen to be higher than in patients with weight gain. 
In regular patients with body mass index (BMI), stable weight in a healthy range is reported to 
decrease the risk of CVD.
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Introduction

Diabetes mellitus is a metabolic disease 
in which resistant hyperglycaemia occurs. Due 
to the chronic nature of this disease, elevated 
blood glucose levels can cause long-term 
macrovascular problems (for example, coronary 
artery disease or peripheral vascular disease) 
and microvascular diseases (retinopathy, 
nephropathy and neuropathy) (1). These 
complications could impair the normal function 
of several vital organs, thus increasing diabetes-
related mortality among affected people. 
Rigorous adherence to glucose control and 
risk-modifying plans is necessary to avoid and 
reverse unfavourable outcomes. A growing body 
of evidence suggests an underlying inflammatory 
process that explains the pathogenesis of 
diabetes-related complications. Diabetes mellitus 
provides an environment where the local 
expression and release of cytokines, chemokines 
and growth factors increase, leading to tissue 
damage, including kidneys, arteries and the 
nervous system (2, 3).

Interestingly, obesity, a widespread 
phenomenon among the population with type 
2 diabetes mellitus (T2DM), triggers similar 
inflammatory responses (4, 5). Therefore, the 
potential role of weight gain as an amplifier of 
inflammation and weight loss as a protective 
factor should be used. In this regard, multiple 
studies have sought to explore this relationship. 
Polemiti et al. (6) reported a positive link 
between body mass index (BMI) modulation and 
vascular complications in diabetic individuals. 
In this study, a decrease in BMI early after 
diabetes diagnosis contributed to a reduction 
in micro-vascular complications, nephropathy 
and neuropathy. However, this conclusion is 
disputed among similar studies, which many 
supports (7, 8) and some reject this linear 
relationship (9, 10). Therefore, this study aims 
to investigate the effect of weight change (both 
weight gain and loss) on micro- and macro-
vascular complications in patients with T2DM 
and to address the discrepancy between existing 
research and studies.

Method

The current systematic review protocol 
was registered on open scientific framework 
(OSF) (https://osf.io/ygtw3). We adhered to 
the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) statement 
as a guide for conducting this review.

Search Strategy

We thoroughly searched PubMed, Scopus 
and Google Scholar databases up to January 
2023. We used a set of keywords pertinent to 
the change in weight and BMI, microvascular 
diseases (retinopathy, neuropathy and 
nephropathy) and macrovascular diseases 
(cardiovascular disease [CVD]) and study design. 
Table 1 summarises the search strategy for 
this study. The search included only articles in 
English.

Eligibility and Study Selection

Three authors (SKSR, ME and MA) 
separately reviewed the title and abstract of all 
articles and excluded articles that did not meet 
the following criteria: i) studies designed as 
prospective cohorts or case-control; ii) studies 
only with participants 18 years old or older; 
iii) reporting unintentional weight gain during 
adulthood or prior to baseline evaluation in 
at least three quantitative categories (one 
category as stable weight/reference and two 
categories of weight gain); iv) reporting details 
of microvascular (retinopathy, neuropathy 
and nephropathy) and macrovascular (CVD) 
diseases, including incidence, mortality, heart 
failure, chronic heart disease (CHD), myocardial 
infraction (MI), stroke, as adverse outcomes; v) 
providing 95% confidence intervals (95% CI) for 
controlled risk estimates (relative risk [RR], risk 
ratio (95% CI) and vi) reporting the number of 
cases with T2DM/non-cases or person-years in 
each category of weight increase. Furthermore, 
studies that included only self-reporting 
weight gain were also selected. Review articles, 
editorials, commentaries and randomised control 
trial articles were excluded.
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Table 1. Search strategies for PubMed, Scopus and Google Scholar

PubMed

((BMI[Title/Abstract]) OR (weight[Title/Abstract])) AND ((change[Title/Abstract]) 
OR (changed[Title/Abstract]) OR (alteration[Title/Abstract]) OR (altered[Title/
Abstract]) OR (loss[Title/Abstract]) OR (gain[Title/Abstract]) OR (reduce[Title/
Abstract]) OR (reduction[Title/Abstract]) OR (decrease[Title/Abstract]) OR 
(increase[Title/Abstract])) AND ((Diabetes Mellitus[Title/Abstract]) OR (Diabetes 
Insipidus[Title/Abstract]) OR (Diabetes[Title/Abstract])) AND ((Microvascular[Title/
Abstract]) OR (Macrovascular[Title/Abstract]) OR (Retinopathy[Title/Abstract]) 
OR (Neuropathy[Title/Abstract]) OR (Foot Ulcer[Title/Abstract]) OR (Stroke[Title/
Abstract]) OR (Cardiovascular[Title/Abstract]) OR (Heart[Title/Abstract]))

13,466
articles

Scopus

((TITLE-ABS-KEY ( weight ) OR TITLE-ABS-KEY ( BMI ))) AND ((TITLE-ABS-
KEY(change) OR TITLE-ABS-KEY(changed) OR TITLE-ABS-KEY(alteration) OR TITLE-
ABS-KEY(altered) OR TITLE-ABS-KEY(loss) OR TITLE-ABS-KEY(gain) OR TITLE-
ABS-KEY(decrease) OR TITLE-ABS-KEY(reduce) OR TITLE-ABS-KEY(reduction) 
OR TITLE-ABS-KEY(increase))) AND ((TITLE-ABS-KEY (microvascular ) OR TITLE-
ABS-KEY (macrovascular ) OR TITLE-ABS-KEY (retinopathy ) OR TITLE-ABS-KEY 
( neuropathy ) OR TITLE-ABS-KEY (“foot ulcer”) OR TITLE-ABS-KEY (stroke ) OR 
TITLE-ABS-KEY (Heart))) AND ((TITLE-ABS-KEY (Diabetes Mellitus) OR TITLE-ABS-
KEY (Diabetes Insipidus) OR TITLE-ABS-KEY (Diabetes)))

938
articles

Google 
Scholar

1. With all of the words: weight, diabetes, change 
With at least one of the words: microvascular, macrovascular, heart, cardiovascular, 
retinopathy, neuropathy, nephropathy, ‘foot ulcer’, stroke

2. With all of the words: BMI, diabetes, change 
With at least one of the words: microvascular, macrovascular, heart, cardiovascular, 
retinopathy, neuropathy, nephropathy, ‘foot ulcer’, stroke

3. With all of the words: diabetes, change 
With the exact phrase: ‘body mass index’
With at least one of the words: microvascular, macrovascular, heart, cardiovascular, 
retinopathy, neuropathy, nephropathy, ‘foot ulcer’, stroke

10,115
articles

Data Extraction and Assessment for 
Study Quality

Six others independently retrieved the 
following data from relevant studies: first 
author’s name, publication year, study name, 
country, age range and/or mean age (years old), 
number of participants (patients with T2DM), 
duration of follow-up, gender of participants 
(patients with T2DM) (%), duration of weight 
gain assessment, outcome and confounding 
factors included in the multivariate analysis. 
Adjusted RRs provided by multivariate analysis 
with the most significant confounders were 
considered from each study. The Newcastle-
Ottawa scale was used to assess the quality of 
the included research. In our systematic search, 
we found three abstracts with no full text. We 
contacted the authors for additional information. 
One author provided us with the full text of 
one of them, but the study was not eligible and 
was not included in the systematic review. 
Discrepancies were resolved by discussion with 
the respective author’s supervision (SKSR).

Results

We found 12,719 articles in PubMed, 938 
articles in Scopus and 10,115 articles in Google 
Scholar (Figure 1). After selecting by title and 
abstract, and removing duplicates (856), 35 
studies remained. After the full text and risk 
of bias assessment, 17 articles were excluded. 
Eleven cohort studies with 219,839 individuals 
(T2DM patients) were included to evaluate 
the effect of weight change and the risk of 
microvascular and macrovascular complications 
(6, 10–19). The average duration of follow-up 
was approximately 12.14 years, ranging from 3 
to 38. The mean age of the individuals was 60.97 
years old. Six studies (10–12, 14, 19, 20) defined 
the categories of weight change categories 
based on the percentage of individual weight 
change.  Two studies (13, 17) defined mentioned 
categories based on the amount of weight change 
(5 kg to more than 10 kg for weight loss and 0 
kg to more than 40 kg for weight gain). Three 
studies (6, 16, 18) defined the changes based on 
the BMI (percent or absolute change). Among 
these 11 studies, two evaluated weight change by 
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self-reporting approach (6, 13) and eight (10–12, 
14–16, 18, 19) by measurement. Only one study 
(17) used both methods. The normalised quality 
score of nine studies was 8 or greater than 8 
(6, 11–15, 17–19) and only two were 7 to 8 (10, 
16). Most of the articles used age, duration of 
diabetes, BMI, weight/weight change, heart 
disease, sex and smoking as adjusted variables. 
Reviewing the results of studies showed that 
weight loss caused an increase in all-cause 
mortality rate in diabetic patients (16), while 
weight gain after diabetes diagnosis caused a 

higher risk of CVD (17), chronic kidney disease 
(CKD) (10), microvascular disease (6), stroke 
(18) and mortality (19). It is implied from two 
studies that severe weight fluctuation increases 
the mortality rate and the risk of microvascular 
disease (11, 19). Unlike other studies, one study 
showed that more than 5% weight gain positively 
affected CVD and coronary heart disease in 
T2DM patients (14). A summary of studies on 
the effect of weight change on microvascular and 
macrovascular complications in patients with 
T2DM is presented in Table 2.

Identification of studies via databases and registers

Records identified from*:
PubMed (n = 12,719)
Google Scholar (n = 10,115)
Scopus (n = 938)

Records removed before 
screening:
Duplicate records removed 
(n = 856)

Records screened by title  
abstract (n = 22,916)

Records excluded** 
(n = 22,881)

Reports assessed for eligibility 
by full text (n = 35)

Studies included in review
(n = 18)

Reports excluded (n = 17)
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Figure 1. PRISMA 2020 flow diagram

Notes: *Consider, if feasible to do so, reporting the number of records identified from each database or register searched 
(rather than the total number across all databases/registers); **If automation tools were used, indicate how many 
records were excluded by a human and how many were excluded by automation tools
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Discussion

This systematic review contained articles 
based on design, duration, type of population 
(sex-age-race) and herbal preparation, which 
showed marginally debatable results on 
the effects of weight change and the risk of 
microvascular and macrovascular complications 
in diabetic patients. It should be noted that 
several articles studied the effects of both weight 
loss and weight gain, while some only considered 
weight loss (21, 22) or weight gain (13, 18, 
23) as a variable factor to study the risk of 
microvascular and macrovascular disease. Most 
of the articles proposed that the role of weight 
loss in affecting complications is more significant 
than the effect of weight gain in most patients 
with T2DM. Xing et al. (24) showed a high risk 
of all-cause death for weight change among 
diabetic patients, with weight loss carrying 
the higher risk. On the contrary, Casanova et 
al. (12) reported that weight gain and increase 
in BMI showed worse outcomes than weight 
loss with respect to microvascular problems in 
diabetic patients.  With this conflict already in 
place, several studies attempted to determine 
the underlying factors (25, 26, 28, 32, 33). 
Williamson et al. (26) showed that the T2DM 
patients who underwent intentional weight 
loss had lower total mortality than those with 
decreased BMI but did not report intentional 
weight loss.

Similarly, Strelitz et al. (20) claimed that 
increased physical activity among those who 
moderately lost weight might have contributed 
to a lower risk of CVD through inflammatory 
mechanisms. Intentional weight loss in the 
early phases of diabetes was also found to 
reduce the long-term incidence of CVD when 
applied with intensive glucose control (27). In 
the case of unintentional weight loss, Murphy 
et al. (28) suggested that the loss could be due 
to deteriorating conditions such as sarcopenia, 
cancer and age-related changes in metabolic 
function, which could lead to increased 
mortality. Furthermore, weight loss could reflect 
lipolysis and impaired insulin action (29). 
Moreover, Cui et al. (18) showed that the risk 
factors in the diabetic population were affected 
by gender and aging. Therefore, the difference 
between metabolic and health consequences of 
weight change must be evaluated with respect 
to gender and age diversity. Based on the study 
of Drøyvold et al. (30), although weight loss was 
related to increased mortality in all categories 

of initial BMI. However, according to sex, the 
highest mortality rates associated with weight 
loss were found in men with average weight and 
overweight women.

When high blood sugar is resistant to 
medications and other therapies for T2DM, 
physicians often initiate insulin therapy. This 
change occurs in about 25% of T2DM patients 
(31) and weight gain ensues due to the effects 
of insulin. The increase in BMI is hazardous for 
blood pressure control, glucose level, lipid profile 
and inflammatory position. Weight gain has 
been reported to increase systolic and diastolic 
blood pressure, triglycerides and oxidative 
stress, and decrease high-density lipoprotein 
cholesterol (33). However, the benefits of insulin 
therapy outweigh the complications related to 
weight gain in these patients. This could also 
be attributed to the ‘obesity paradox,’ which 
describes a negative link between BMI and 
mortality, and the study examined the effect of 
weight change on the risk of CVD incidents in 
patients with T2DM. This study demonstrated 
that weight gain > 5% is associated with fewer 
cardiovascular events. This outcome was more 
significant in adults older than 60 years old. 
Similarly, Li et al. (33). They reported an inverse 
relationship between weight gain and stroke 
risk among the diabetic population. Contrary 
to previous studies, Kim et al. (32), weight 
gain greater than 10% increases the risk of 
macrovascular complications such as stroke. 
However, this association was only significant 
in men. Furthermore, the increase in BMI was 
found to exacerbate kidney damage in diabetic 
patients, leading to CKD. According to Chung 
et al. (10). Elevated IL-6 levels in obese patients 
could interfere with normal kidney function, 
supporting the results of their study, as weight 
gain of more than 10% and waist circumference 
increase of more than 15% were found to be two 
predictors of developing CKD. Overall, results 
on this subject vary and some might contradict 
each other. However, weight loss was a more 
significant indirect cause of mortality in most. To 
better understand, future studies are warranted 
to explore the influence of age, gender and 
accompanying factors on the link between weight 
change and diabetes complications.

To our knowledge, this study is the first 
systematic review to collect data from current 
articles on the association between weight 
change and the risk of microvascular and 
macrovascular complications of diabetes. The 
strengths of the systematic review are detailed 
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as follows: First, the finding that weight gain is 
related to vascular complications of diabetes was 
based on adjusted multivariate data, indicating 
that the possible association could be drawn 
independently of potential confounders, such 
as age, sex, smoking, obesity and concurrent 
disorders that include hypertension and 
dyslipidemia. Second, the similarity or difference 

among the results of the selected studies was 
not affected by the definition of the terms used. 
Third, leaving out one study at a time did not 
significantly affect the results, showing the 
stability of the findings. Our study also assessed 
the quality of included articles through the 
Ottawa New Castle Cheklist and is presented in 
Table 3.

Our study has limitations that must 
be taken into account when the results are 
interpreted. First, considerable heterogeneity 
was found among the included papers. The 
potential impact of study methodologies, such 
as design and setting (based on clinical or 
population data), and differences in the time 
intervals in which weight change is measured 
may contribute to this heterogeneity. Also, 
although articles with adjusted data were 
included, the presence of other residual factors is 
probable and can confuse the outcome.

Conclusion

In summary, it can be concluded from our 
analysis that the weight change in patients with 
T2DM is a valuable predictor of cardiovascular 
complications. We report that the risk of 
cardiovascular complications in patients with 
weight loss is seen to be higher than in patients 
with weight gain. However, in regular BMI 
patients, maintaining a stable weight in a healthy 

range with regular exercise and a healthy diet 
has the best effect on reducing the risk of CVD. 
Furthermore, acknowledging the factors that 
could contribute to the impact of weight change 
in patients, such as age and gender, could 
be an essential aspect of our approach to the 
relationship between weight change and diabetes 
vascular complications.
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Table 3. Newcastle-Ottawa Scale; all the 11 studies were prospective ones

Authors & year of 
publication

Selection Comparability Outcome Total 
scorea b c d e f g h

Chaturvedi & 1995 * * * * ** * * * * 10

Cho & 2002 / * / * ** * * * 7

Chung & 2017 * * * * ** ** * * 10

Strelitz & 2021 * * * * ** ** * * 10

Moazzeni &2021 * * * * ** * * * 9

Casanova & 2020 * * * * * * * * 8

Strelitz & 2019 * * * * ** ** * * 10

Polemiti & 2021 * * / * ** * * * 8

Cui & 2021 * * * * * ** * * 9

Aucott & 2016 * * * * ** ** * * 10

Liu & 2020 / * / * * ** * * 7

Notes: a = representativeness of exposed cohort; b = selection of the non-exposed cohort; c = ascertainment of cohort; d = that 
outcome of interest not present at the start of the study; e = comparability; f = assessment of outcome; g = follow-upped long 
enough until the outcomes occur; h = adequacy of follow-up of cohort
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