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Abstract
Background/aims Having type 2 diabetes (T2D) in combination with being overweight results in an additional 
increase in cardiovascular disease (CVD) risk. In addition, T2D and obesity are associated with increased levels of total 
homocysteine (tHcy), possibly contributing to the CVD risk. Weight loss dieting has positive effects on several CVD risk 
factors, but whether it affects tHcy remains unclear. Therefore, the aim of this study was to determine the effect of a 
calorie restricted diet on tHcy in overweight people with T2D.

Methods In this post-hoc analysis of the POWER study, adults with T2D and a BMI greater than 27 kg/m² were 
included from the outpatient diabetes clinic of the Erasmus Medical Center, Rotterdam. The patients were subjected 
to a very low-calorie diet with fortified meal replacements for 20 weeks. Before and after this intervention, blood 
samples were collected to measure tHcy and other CVD risk factors like glycaemic and lipid parameters.

Results 161 overweight participants with T2D were included, with a mean age of 54 years (range 26–74), mean 
weight of 104.6 ± 19.9 kg and mean HbA1c of 62.7 ± 14.3 mmol/mol. At baseline, men displayed higher tHcy than 
women, and tHcy level was positively correlated with body weight and triglyceride levels, while it was negatively 
correlated with renal function and HDL cholesterol. During the intervention, bodyweight was reduced by a mean of 
9.7% (from 104.6 ± 19.9 to 94.5 ± 18.1 kg p < 0.001), and all measured glycaemic and lipid blood parameters improved 
significantly. However, tHcy remained unchanged (from 12.1 ± 4.1 to 12.1 ± 4.2 umol/L, p = 0.880). The change in 
tHcy during the intervention was negatively associated with the change in weight and BMI (p = 0.01 and p = 0.008, 
respectively). People who lost < 10 kg (n = 92) had a mean tHcy change of -0.47 umol/L, while people who lost more 
than ≥ 10 kg (n = 69) had a mean tHcy change of 0.60 umol/L (p = 0.021).

Conclusion In conclusion, our data show that a calorie restricted diet does not affect tHcy in people with T2D and 
obesity, despite the use of meal replacements fortified with folic acid and vitamin B12. Our data showed a negative 
correlation between change in tHcy levels and weight loss, suggesting that people who lost more weight (> 10 kg) 
showed an increase in tHcy. Future studies should explore the potential increase in tHcy induced by weight loss 
dieting and target the question if tHcy reduction strategies during weight loss could be clinically beneficial.
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Background/aim
People with type 2 diabetes (T2D) have an increased risk 
of cardiovascular diseases (CVD) [1]. Having obesity 
in addition to T2D further increases CVD risk [2] and 
reduces the life expectancy of people with T2D [3].

Elevated total homocysteine levels (tHcy) have also 
been associated with an increased risk of CVD [4–6]. 
Homocysteine is an intermediate of the methylation/
remethylation cycle, which requires vitamin B12 and 
folic acid as cofactors. Homocysteine is degraded via the 
transsulfuration pathway into cysteine, requiring vita-
min B6 as cofactor [7]. Normally, homocysteine remains 
low in the bloodstream. Circulating homocysteine levels 
higher than 15 umol/L are associated with arterial and 
venous occlusive diseases [8]. In people with diabetes, 
high circulating levels of Hcy have been reported [9], 
especially in combination with nephropathy [4]. Elevated 
levels of tHcy have been associated with risk of athero-
sclerosis, CVD and mortality in diabetes [10, 11]. Data on 
tHcy lowering therapies indicate they reduce DM micro-
vascular complications, however, their effects on CVD 
risk reduction are conflicting [12].

Weight loss is one of the preferred therapies for peo-
ple with obesity related T2D. Calorie restricted dieting is 
an effective method for weight loss [13]. Positive effects 
of weight loss on CVD risk factors, including circulat-
ing concentrations of total- and low-density lipopro-
tein (LDL)-cholesterol, have been previously reported 

[14, 15]. Moreover, a large enough and sustained weight 
reduction reduces cardiovascular complications in T2D 
[16].

Several pathways have been described for explaining 
the effects of weight loss on CVD risk, with the known 
CVD risk factors (LDL cholesterol, glucose, blood pres-
sure) as the main mediating factors [17]. Increased tHcy 
is more common in obese than healthy-weight indi-
viduals, and even more in people with obesity-related 
T2D [18]. However, whether tHcy is a mediating factor 
between weight loss and reduction of CVD risk is not 
known. Weight loss through a calorie-restricted diet in 
obese people without diabetes did not lead to a change 
in Hcy levels [19]. Whether weight loss affects tHcy levels 
in people with obesity related T2D is currently unknown. 
The aim of this study is to assess the effect of weight loss 
induced by a very low-calorie diet on tHcy levels in obese 
patients with T2D.

Material/methods
In this post-hoc analysis, a prospective observational 
study, people recruited for the Prevention Of WEight 
Regain (POWER) trial were enrolled (trial registration 
no. NTR2264) [20]. See Fig.  1 for the flow chart of the 
current post-hoc study. Participants were recruited at the 
outpatient diabetes clinic of the Erasmus Medical Cen-
tre, Rotterdam, The Netherlands between March 2010 
and April 2015. This research has been approved by The 

Fig. 1 Flow-chart
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Medical Ethics Committee of the Erasmus Medical Cen-
ter of Rotterdam, the Netherlands, (reference number 
MEC-2009-143/NL26508.078.09) in accordance with the 
Helsinki declaration. All participants have provided writ-
ten informed consent.

Study population
As previously described [20], this study included adults 
with T2D and a Body Mass Index (BMI) ≥ 27 kg/m2, from 
the outpatient diabetic clinic of the Erasmus Medical 
Center of Rotterdam. Exclusion criteria were pregnancy, 
lactation, severe psychiatric problems, significant cardiac 
arrhythmias, unstable angina, decompensated congestive 
heart failure, major organ system failure, untreated hypo-
thyroidism, and end-stage renal disease, and a myocar-
dial infarction, cerebrovascular accident or major surgery 
during the previous 3 months.

No power calculation was performed since this is a 
post-hoc analysis with a fixed number of participants.

Diet intervention
The patients were subjected to a very low-calorie diet of 
750  kcal per day for 8 weeks, consisting of 67  g carbo-
hydrates, 54  g protein and 32  g fat (of which 16  g were 
monounsaturated fatty acids) and micronutrients follow-
ing the national nutritional guidelines recommendation. 
This included a daily amount of 414 ug folic acid, 2.62 mg 
vitamin B6 and 3.21 ug vitamin B12. Diabetes-specific 
meal replacements (Glucerna SR®) were used 2 times a 
day, for breakfast and lunch. Following the very low-cal-
orie diet, the patients were subjected to a low-calorie diet 
of 1100–1300 kcal per day for another 12 weeks.

Data collection and measurement of tHcy
Before and after the dietary intervention of 20 weeks, the 
participants’ characteristics, including age, sex, ethnic-
ity (Caucasian or non-Caucasian), weight, height, BMI 
and waist circumference were registered. Plasma tHcy, 
glycaemic and lipid blood parameters and systolic blood 
pressure were measured. Furthermore, data on insulin 
usage, the presence of micro- and macrovascular compli-
cations, smoking status and alcohol usage were collected.

To measure tHcy before and after intervention, blood 
samples were collected after an overnight fast and stored 
for 3–4 h in the refrigerator, after which they were cen-
trifuged, and plasma was stored at -80℃ until analysis. 
Plasma tHcy was measured in citrate plasma after reduc-
tion by DTT (dithiothreitol) by LC-MS/MS (Waters 
Acquity UPLC coupled to Quatro Primier XE). The gly-
caemic and lipid parameters, including HbA1c, fasting 
glucose, total, HDL and LDL cholesterol, triglycerides 
and Apolipoprotein B (ApoB) were analysed using stan-
dard lab techniques. Plasma lipoprotein(a) was measured 
using a particle-enhanced immunoturbidimetric assay 

(Diagnostic System #171,399,910,930; DiaSys Diagnostic 
System, GmbH, Holzheim, Germany).

Statistical analysis
The normality and homogeneity of the data was tested 
using the Shapiro-Wilk test and Kolmogorov-Smirrnov 
test. We report SD as a dispersion measure of variables 
with normal distribution, and the IQR of variables with 
non-normal distribution. The statistical significance of 
the change of the variables before and after intervention 
was tested using the paired t-test or the related-Samples 
Wilcoxon Signed Rank Test. Linear regression (LR) was 
applied to study the relation between patient charac-
teristics, including weight (change), and tHcy (change). 
Regression plots showed that requirements of LR were 
fulfilled. Two-sided P-values < 0.05 were considered sta-
tistically significant. All analyses were carried out using 
IBM SPSS statistics version 26.

Results
Baseline characteristics and the change in glycaemic 
and lipid blood parameters upon weight loss have been 
partly described previously [21]. This post-hoc analysis 
included 161 participants with a mean age of 54 years 
(range 26–74). Of the participants, 44.1% were male and 
55.7% were Caucasian. In Table  1, we present the base-
line characteristics and results after intervention. Dur-
ing the diet, the mean weight was reduced by 9.7% (from 
104.6 ± 19.9 to 94.5 ± 18.1 p < 0.001). Likewise, the mean 
BMI was reduced by 9.6% (from 36.4 ± 5.8 to 32.9 ± 5.4 kg/
m², p < 0.001). The measured glycaemic parameters 
HbA1c and fasting glucose decreased significantly during 
the diet intervention (p < 0.001). All lipid levels (total cho-
lesterol, HDL cholesterol, LDL cholesterol, triglycerides 
and ApoB) improved significantly (p < 0.001). The sys-
tolic blood pressure did not change over time (p = 0.405). 
Plasma tHcy remained unchanged (from 12.1 ± 4.1 to 
12.1 ± 4.2 umol/L, p = 0.880). Figure 2 presents the change 
in tHcy levels during the diet per participant.

Men had 2.4 umol/L higher mean baseline tHcy than 
women (13.5 versus 11.1; p < 0.001). Patients with Cau-
casian ethnicity had 1.2 umol/L higher mean values than 
non-Caucasians (12.4 versus 11.6; p = 0.058). Baseline 
body weight (mean + 0.05 umol/L per kg; p = 0.002), waist 
circumference (mean + 0.07 umol/L per cm; p = 0.007) 
and total triglyceride levels (mean + 0.79 umol/L per 
mmol/L; p < 0.001) were positively associated with 
tHcy, whereas HDL cholesterol (mean − 3.4 umol/L per 
mmol/L; p < 0.001) and glomerular filtration rate (GFR) 
(mean − 0.11 umol/L per mL/min; p < 0.001) were nega-
tively associated.

The changes in body weight and BMI were negatively 
correlated with a change in tHcy (Fig.  3). After adjust-
ment for baseline tHcy (i.e. for subjects with the same 
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Table 1 Patient characteristics (n = 161) before and after intervention
Variables Before intervention After intervention P-value
Age (y, range) 54 (26–74)
Sex (% male) 44.1
Ethnicity (% Caucasian) 73 (55.7)
Homocysteine (umol/L) 12.1 ± 4.1 12.1 ± 4.2 0.880
Weight (kg): 104.6 ± 19.9 94.5 ± 18.1 < 0.001
BMI (kg/m²) 36.4 ± 5.8 32.9 ± 5.4 < 0.001
Waist circumference (cm) 118.7 ± 13.0 110.3 ± 12.4 < 0.001
HbA1c (mmol/mol) 62.7 ± 14.3 55.2 ± 15.6 < 0.001
Fasting glucose (mmol/L) 9.1 ± 2.8 8.2 ± 3.0 < 0.001
Total cholesterol (mmol/L) 4.6 (2.9–9.3) 4.3 (2.2–7.5) < 0.001
HDL cholesterol (mmol/L) 1.2 (0.5–2.5) 1.2 (0.5–2.4) < 0.001
LDL cholesterol (mmol/L) 2.7 (1.0-6.4) 2.4 (0.5–5.7) < 0.001
Triglycerides (mmol/L) 2.5 (0.4–25.2) 1.8 (0.5–13.4) < 0.001
ApoB (g/L) 0.9 (0.4–2.1) 0.8 (0.4–1.4) < 0.001
Lp(a) (mg/dL) 49.7 (0.0-246.1) 60.1 (0.0-279.7) < 0.001
Systolic blood pressure (mmHg) 140.4 ± 20.1 140.6 ± 21.0 0.405
GFR (mL/min) 75.7 ± 17.8
Microvascular complications n (%) 51 (44.3)
Macrovascular complications n (%) 36 (27.5)
Insuline users n (%) 81 (62.3)
Smokers n (%) 19 (15.3) 16 (17.2) 0.250
Alcohol users n (%) 33 (26.4) 19 (20.4) 0.549
Data are mean ± SD, or median (IQR)

N = number of patients, Y = years, BMI = body Mass Index, HDL = high density lipoprotein, LDL = low density lipoprotein, lp = lipoprotein, SD = standard deviation, 
IQR = interquartile range

Fig. 2 Change in homocysteine after weight-reducing dietary intervention. Change in plasma homocysteine levels during 20 weeks of weight loss diet 
in individual participants. Participants were arranged according to absolute change in plasma homocysteine levels
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baseline tHcy),1  kg extra weight reduction was asso-
ciated with an extra mean tHcy change of -0.12 umol/l 
(p-value < 0.001). Factually, a weight reduction > 10  kg 
was related with a mean increase in tHcy levels. Peo-
ple who lost less than 10  kg (n = 92) had a mean tHcy 
change of -0.47 umol/L, while people who lost more than 
10  kg (n = 69) had a mean tHcy change of 0.60 umol/L 
(p = 0.021). An extra one-unit BMI reduction was asso-
ciated with an extra mean tHcy change of -0.34 umol/l 
(p-value < 0.001). All these relations persisted after fur-
ther adjustment for sex, age, and baseline renal function 
(GFR), triglycerides, HDL and fasting insulin.

Discussion
Our data show that although weight loss through a calo-
rie restricted diet induces beneficial effects on CVD risk 
factors such as circulating lipid and glycaemic param-
eters in people with T2D and obesity, it did not affect 
tHcy levels. Remarkably, roughly half of the participants 
displayed an increase, and half experienced a decrease 
in tHcy upon weight loss dieting, where change in tHcy 
level was negatively correlated with change in weight. 
People who lost less than 10 kg experienced a mean tHcy 

decrease, while people who lost more than 10 kg experi-
enced a mean tHcy increase. At baseline, elevated tHcy 
level was positively correlated with obesity, Caucasian 
ethnicity, male sex and increased total plasma triglycer-
ides and negatively correlated with HDL-cholesterol and 
renal function, which is in line with literature [5, 12, 18, 
22].

Our primary finding that overall tHcy levels are not 
affected by diet-induced weight loss in people with obe-
sity-related DM, has previously also been shown by stud-
ies among obese people, without diabetes [19, 22]. With 
this, tHcy does not appear to be a mediating factor in the 
beneficial effect of weight loss on cardiovascular compli-
cations in patients with T2D.

Nonetheless, our finding that the difference in effect 
of an energy-restricted diet on tHcy levels appears to 
depend on the degree of weight loss is intriguing. Peo-
ple who lost more weight (> 10  kg) increased in tHcy. 
This seems to contradict the post hoc study of the Look 
AHEAD trial [16], which actually saw a reduction in 
cardiovascular risk in people who lost more than 10  kg 
and were able to maintain it. One could argue that the 
increase in tHcy in this group may counteract the effect 

Fig. 3 Association between change in homocysteine and change in weight during the diet intervention. This figure depicts the association between 
weight change (kg) and homocysteine change (umol/L), were people who lost less than 10 kg (n = 92) had a mean tHcy change of -0.47 umol/L, while 
people who lost more than 10 kg (n = 69) had a mean tHcy change of 0.60 umol/L (p = 0.021). tHcy = total homocysteine level
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of weight loss on CVD, with which the effects of weight 
loss with tHcy lowering therapy might be even stronger. 
However, the evidence for this is lacking.

One could hypothesize that the people who lost more 
weight were more compliant with using the meal replace-
ments, which were enriched with vitamins and minerals. 
The diet-specific meal replacements used in our study 
included a daily intake of 414 ug of folic acid and 3.21 ug 
of vitamin B12. Folic acid and vitamin B12 supplemen-
tation have been shown to lower tHcy concentrations [5, 
22, 23]. A Cochrane study on the effect of weight loss [5] 
showed that in 71,422 participants with or without car-
diovascular disease, a weight reducing diet with folic acid 
supplementation did not affect tHcy level, while a weight 
reducing diet without folic acid supplement caused a sig-
nificant increase in tHcy level, which is in line with our 
overall findings. This is not in line with our hypothesis 
that people who were more compliant and potentially 
ingested more B12 and folic acid increased more in tHcy. 
However, we have no data on B12 and folate status, or 
its change during diet, so no conclusions can be drawn 
about the effect of supplementation. Metzner et al. [24] 
found that a weight reducing diet with or without meal 
replacement did not affect tHcy levels in 87 overweight 
women without T2D. However, there was a trend toward 
a decrease in tHcy in the group that used meal replace-
ments, accompanied by a significant increase in folate 
levels. This group lost only 6  kg in 12 weeks, and thus 
is similar to our subgroup that lost less than 10 kg, with 
which the results on tHcy agree. This study did not exam-
ine the association of tHcy change with change in weight.

Associations of other lifestyle factors with homo-
cysteine levels have also been described [25]: smoking 
cessation, lower coffee consumption, lower alcohol con-
sumption, higher intake of fruits and vegetables and more 
aerobic exercise have been linked to lower homocysteine 
levels. Our intervention may have contributed to lower 
alcohol intake, higher fruit and vegetable intake and 
more aerobic exercise, and thus to lower homocysteine 
levels, making our finding of constant or even increasing 
homocysteine levels even more puzzling.

Another hypothesis is that the effect of a weight-reduc-
ing diet on tHcy levels may have been influenced by renal 
function. Earlier, tHcy levels have been associated with 
renal function markers [12]. Indeed, we observe a strong 
negative correlation at baseline between renal function 
marker (GFR) and tHcy. Since renal function has been 
shown to improve during weight loss dieting [26], this 
could have influenced the effect of weight loss on tHcy 
levels. Unfortunately, we do not have follow-up data on 
renal function in this cohort.

This study has some limitations. Firstly, no data was 
collected on vitamin B12 and folic acid levels at baseline 
and after the intervention; this hampers the evaluation 

of blood folic acid and B12 levels on tHcy level during 
weight loss dieting. Moreover, no follow-up data on renal 
function was available. Also, we did not collect data on 
body composition, such as lean body mass or fat-free 
mass, which influenced tHcy levels in a previous study 
[27]. Future studies should include these measurements 
prospectively. Due to the post-hoc nature of the current 
study, we did not perform a power analysis [28]. How-
ever, taken the small, not clinically relevant difference 
in Hcy, with a reasonably tight confidence interval, it is 
not expected that a larger study would have led to a sig-
nificant clinically relevant result. Strengths of this study 
include the relatively large sample size, an intervention 
period of 20 weeks, a well-defined diet and the extensive 
phenotyping of the participants.

In conclusion, diet-induced weight loss showed no 
overall significant effect on tHcy levels in people with 
T2D patients and overweight. Our data showed a nega-
tive correlation between change in tHcy levels and 
weight loss, suggesting that people who lost more 
weight (> 10  kg) showed an increase in tHcy. Future 
studies should explore the potential increase in tHcy 
level induced by weight loss dieting, especially interven-
tions inducing large weight loss, and target the question 
whether tHcy reducing strategies, i.e. supplementation of 
vitamin B6, B12 and folic acid, during weight loss could 
be clinically beneficial.
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